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ENVIRONMENTAL DOCUMENTATION

The CALFED Bay-Delta Program (Program) is currently in what is referred to as Phase II, in which the
CALFED agencies are developing a Preferred Program Alternative that will be subject to a comprehensive
programmatic environmental review. This report describes both the long-term programmatic actions that are
assessed in the June 1999 Draft Programmatic EIS/EIR, as well as certain more specific actions that may be
carried out of the The actions in of thisduringimplementation Program. programmatic a long-termprogram
scope necessarily are described generally and without detailed site-specific information. More detailed
information will be analyzed as the Program is refined in its next phase.

Implementation of Phase III is expected to begin in 2000, after the Programmatic EIS/EIR is finalized and
adopted. Because of the size and complexity of the alternatives, the Program likely will be implemented over
a period of 20-30 years. Program actions will be refined as implementation proceeds, initially focusing on
the first 7 years (Stage I). Subsequent site-specific proposals that involve potentially significant
environmental impacts will require site-specific environmental review that tiers off the Programmatic
EIS/EIR. Some actions, such as recreation of shallow water habitats in the Delta and Suisun Marsh, also will
be subject to permit approval from regulatory agencies.
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| . ¯ CALFED BAY-DELTA PROGRAM
| ECOSYSTEM RESTORATION PROGRAM PLAN

OVERVIEW commercial and recreational harvest,
consistent with goals 1 and 2.

I The mission of the CALFED Bay-Delta Program
.~’~ Protect or restore functional habitat typesis to develop a long-term comprehensive plan that

will restore ecosystem health and improve water t throughout the watershed for public

I management for beneficial uses of the Bay-Delta values, such as recreation, scientific
system. The Program addresses problems in four research, and aesthetics.
resource areas: ecosystem quality, water quality,

I levee system integrity, and water supply..~, Prevent establishment of additional non-
reliability. Programs to address problems in the native species and reduce the negative
four resource areas will be designed and biological and economic impacts of

I integrated to fulfill the CALFED mission, established non-native species.

Ecosystem goals presented in the Strategic Plan ~4.L~~’’Improve and maintain water and sediment
for Ecosystem Restoration will guide the i; } qualitytoeliminate, to the extent possible,
Ecosystem Restoration Program (ERP) during its toxic impacts to organisms in the system,
implementation phase. Strategic Goals include the including humans.

i following:
The ERP addresses these goals by restoration of

Achieve recovery of at-risk native species ecological processes associated with streamflow,

I ~ dependent on the Delta and Suisun Bay asstream channels, watersheds, and floodplains.
the first step toward establishing large,These processes create and maintain habitats
self-sustaining populations of theseessential to the life history of species dependent

I species; support similar recovery of at- on the Delta. In addition, the Program aims to
risk native species in San Francisco Bay reduce the effects of stressors that inhibit
and the watershed above the estuary; andecological processes, habitats, and species.

I minimize the need for future endangered
species listings by reversing downward
population trends of native species that

i are not listed.

Rehabilitate natural processes in the Bay-Z Delta system to support, with minimal
ongoing human intervention, natural
aquatic and associated terrestrial biotic

i communities, in ways that favor native
members of those communities.

"~ Maintain and enhance populations of
I ~ selected species for sustainable

I ~ ~C~T/t
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I
ORGANIZATION OF THE PLAN       of the ERP and display how the many ecosystem

elements relate to one another and establish a
The ERP is comprised of a Strategic Plan and thebasis for actions which are presented in Volume !
two volume restoration plan: II.

¯ Volume I: Ecological Attributes of the San VOLUME I1: ECOLOGICAL MANAGEMENT !
Francisco Bay-Delta Watershed ZONE VISIONS presents the visions for the 14

ecological management zones and their respective
¯ Volume II: Ecological Management Zone ecological management units. Each individual

!
Visions. ecological management zone vision contains a

brief description of the management zone and

STRATEGIC PLAN FOR ECOSYSTEM units, important ecological functions associated
I

RESTO~TION provides the ERP approach to with the zone, important habitats, species which
adaptive management and contains the proposeduse the habitats, and stressors which impair the
plans for indicators of ecological health, afunctioning or utilization of the processes and

I
monitoring program to acquire and evaluate thehabitats. Volume II also contains strategic
data needed regarding indicators, a program ofobjectives, targets, and programmatic actions

focused research to acquire additional data neededwhich describe the ERP approach to improving
i

to evaluateprogramalternativesandoptions, andthe ecological health of the zone and its

the approach to staging and implementation of thecontribution to the health of the Delta. Rationales
ERP over time. are also contained in Volume II which clarify,

Ijustify, or support the targets and programmatic
VOLUME h ECOLOGICAL ATTRIBUTES OF actions.
THE SAN FRANCISCO BAY=DELTA

IWATERSHED presents the visions for ecological INTRODUCTION TO VOLUME I I
processes and functions, fish and wildlife habitats,
species, and stressors that impair the health of theVolume II, Ecological Management Zone Visions,

Iprocesses, habitats, and species (Figure 1). Theintegrates the landscape ecological concepts for
visions presented in Volume I are the foundationprocesses, habitats, species, and stressors

presented in Volume I: Visions for Ecosystem
IElements. Volume II presents this information in

population targets and actions for species and 14
S p ec ie s visions for the Ecological Management Zones

Iwhich comprise the ERPP Study Area (Table 1).

Each Ecological Management Zone (Zone) is
!further divided into component Ecological

Management Units (Unit). For example, the East
San Joaquin Zone is divided into three Units:

iStanislaus River, Tuolumne River, and Merced
River. The vision for each Ecological
Management Zone provides introductory

Iinformation, Zone and Unit descriptions which
identify the status of ecological processes,
habitats, and species, and describes how stressors          I

Figure 1. Relationship of ecological, processes, habitats, and adversely affect those ecosystem elements.
species in the Ecosystem Restoration Program Plan.

~ CJcm)
Volume I1: Ecosystem Restoration Program Plan I
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Table 1. Ecological Management Zones and Ecological Management Units within the ERPP Study
Area.

Ecological Management Zone Ecological Management Unit

North Delta East DeltaSacramento-San Joaquin Delta South Delta Central and West Delta

Suisun Bay and Marsh Napa River
Suisun Marsh/North San Francisco Sonoma Creek Petaluma RiverBay San Pablo Bay

Keswick to Red Bluff Red Bluff to Chico Landing
Sacramento River Chico Landing to Colusa Colusa to Verona

Verona to Sacramento

North Sacramento Valley Clear Creek Cow Creek
Bear Creek Battle Creek

Cottonwood Creek Upper Cottonwood Creek Lower Cottonwood Creek

Stony Creek Elder CreekColusa Basin Thomes Creek Colusa Basin

Paynes Creek Antelope Creek
Mill Creek Deer Creek

Butte Basin Big Chico Creek Butte Creek
Butte Sink

Feather River Yuba River
Feather River/Sutter Basin Bear River Honcut Creek

Sutter Bypass

i American River Basin American Basin Lower American River

Cache Creek Putah Creek
Yolo Basin Solano Willow Slough

Eastside Delta Tributaries
Cosumnes River Mokelumne River
Calaveras River

Vernalis to Merced             Merced to Mendota PoolSan Joaquin River                   Mendota Pool to Gravelly Ford Gravelly Ford to Friant

Stanislaus River Tuolumne RiverEast San Joaquin Merced River

West San Joaquin

Volume I1: Ecosystem Restoration Program Plan
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June 1999
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Visions follow the introductory material for each The central theme of the ERPP is
Zone which presents the relevant ecological the recognition that truly durable
processes, habitats, species and stressors within ~ and resilient populations of all
the Zone and Unit. The visions are followed by ~k fish and wildlife inhabiting the
sections on how restoration efforts in the Zone

~

Bay and Delta require, above all
integrate with other programs and how the Zone is else, the rehabilitation of
linked to other Zones. The final section of each ecological processes throughout
vision provides implementation objectives, targets, the Central Valley river and

and programmatic restoration actions, estuao] systems and watersheds.

PERSPECTIVE The ERP isfundamentally different from many¯
past efforts in another way as well. It is not

The ecological hub of the Central Valley is the designed as mitigation for projects to improve

Sacramento-San Joaquin Delta and Bay. The ERP water supply reliability or to bolster the integrity

signals a fundamental shift in the way ecological of Delta levees; improving ecological processes

resources of the Central Valley are managed. For and increasing the amount and quality of habitat

many decades, government entities, non-profit are co-equal with other program goals related to

and the private sector have engaged water supply reliability, water quality, and leveeorganizations,
in managing, protecting, regulating, and in some system integrity. Solving serious and long-

cases breeding fish and wildlife species of the Bay standing problems in each of these resource areas

and Delta - yet many populations have not will require an ambitious, integrated, long-term

recovered sufficiently and remain in decline. In program. We do not know the balance needed

spite of constant human intervention to repopulate between restoration efforts in the Delta and Bay

fish and wildlife that have commercial, and restoration efforts upstream. However, aquatic

recreational, and biological importance to society species cannot be the sole driving force for

(e.g., hatchery programs and expensive re- ecosystem restoration. Ecosystem restoration must

engineered water diversions), populations have involve the integration of the needs of terrestrial

not been sustained at stable, healthy levels that and aquatic species and plant communities.

support historic utilization of those resources.
The ERP, like all components of Bay-Delta

Historic efforts at individual species regulation solution alternatives, is being developed and

and management will be replaced by an integrated evaluated at a programmatic level. The complex

systems approach that aims to reverse the and comprehensive nature of a Bay-Delta solution

¯ fundamental causes of decline in fish and wildlife means that it will necessarily be composed of

populations. A systems approach will recognize many different programs, projects, and actions

the natural forces that created historic habitats and that will be implemented over time. During the

use these forces to help regenerate habitats. The current phase of the Program, solution alternatives

Bay-Delta ecosystem is not simply a list of have been evaluated as sets of programs and

species. Rather, it is a complex living system projects and broad benefits and impacts have been

sustained by innumerable interactions that are identified. In the implementation phase of the

physical, climatic, chemical, and biological in Program, more focused analysis, environmental

nature, both within and outside of the geographic documentation, and implementation of specific

boundaries of the Delta. programs and actions will occur.

The CALFED goal for ecosystem quality will be
achieved by further developing and adhering to
the Strategic Plan for Ecosystem Restoration. A

~_ c2tt~1) Volume I1: Ecosystem Restoration Program Plan
-~ ~Y-D~TX Ecological Management Zone Visions
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I major effort toward reaching target levels will be GEOGRAPHIC SCOPE
emphasized during the first 7 years of the

I implementation program. Special The geographic (spatial) scope of the ERP iseffortwillbe
directed to actions that can be implemented todefined by the interdependence and linkage of the
restore ecological processes. The restoration ofecological zones which encompass the CentralI processes Valley. These ecological zones include the uplandthese isintendedtorestoreandmaintain
habitats, and to provide for the needs of theriver-riparian systems, alluvial river-riparian
species dependent on a healthy Bay-Delta system,systems, the Delta, and Greater San Francisco Bay

I (Note: These ecological zones are more fullyFor example, restoring stream channels
contributes to sediments, nutrients, and a varietydescribed in the Volume I section on Key
of habitats. The strategy recognizes that not allEcological Attributes of the San Francisco-BayI processes can or should be completely restoredDeltaWatershed.)Thegeographicscopedefines
and that intervention, manipulation, andthe locations where actions might be implemented
management will be required. For example,to maintain, protect, restore, or enhance importantI streambed gravel may have to be introduced,ecologicalprocesses,habitats,andspecies.Some
habitats may have to be constructed, andrivers or watersheds have ecological attributes
vegetation planted. Still, an important part of thewhich are valued higher than the attributes ofI approach is to recommend measures that in theothers These values include theareas. ecological
long-term will limit the need for continued humancondition of important ecological processes and
intervention, how well they support a diversity of habitats. The

I values also include the fish, wildlife, and plants
Implementation of the ERP is further guided bywhich occupy or utilize the habitats within these
the recognition that all landscape units andlocalareas.

I physical and biological components of the
ecosystem are interdependent and dynamic.CALFED is developing a Multi-Species
Interdependence means that actions and stressorsConservation Strategy to serve as the platform for

I in one part of the system can and do affectcompliance with the Federal Endangered Species
populations and conditions that may be separatedAct (ESA), the California Endangered Species Act
by hundreds of miles (e.g., in watersheds and(CESA), and the State’s Natural Community

I spawning tributaries), or affect the food web inConservation Planning Act (NCCPA). The
ways that may not be felt for several years. Conservation Strategy has identified a subset of

species which are federally and State listed,

i Natural systems are dynamic; i.e., they areproposed, or candidate species, other species
characterized by response to cycles of change andidentified by CALFED that may be affected by
episodic catastrophes that are driven by natural orand for which the CALFED Program and the ERP

i human factors. Most habitats undergo expansionshave responsibility related to (1) recover the
and contractions, or shifts in space and time. Thespecies, (2) contributing to their recovery, or (3)
dynamic nature of healthy habitats is the cause ofmaintaining existing populations. The "recover

i much biological diversity, and complex habitatsspecies" depend on habitat conditions in Suisun
tend to make species populations more resilient toBay, the Delta, Sacramento River, San Joaquin
change. If the mosaic of habitats distributedRiver, and many of their tributary streams. For

i across a broad landscape is complex, and if largethese reasons, the primary geographic focus of the
areas of habitat are connected by smaller patchesERP is the Sacramento-San Joaquin Delta, Suisun
and corridors such as those associated withBay, the Sacramento River below Shasta Dam, the

i riparian systems, then healthy areas of theSan Joaquin River below the confluence with the
ecosystem can be relied upon to sustain speciesMerced River, and their major tributary
during temporary setbacks in other areas.

I
~. ~
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watersheds directly connected to the Bay-Delta implementation strategy is adaptive management.
system below major dams and reservoirs. InAdaptive management is a process of testing
addition, streams such as Mill Creek, Deer Creek, alternative ways of meeting objectives, and
Cottonwood Creek, and Cosumnes River, for adapting future management actions according to
example, are emphasized due to their free-flowingwhat is learned. Adaptive management relies
status and relative high quality of habitats andupon the identification of indicators of ecosystem
ecological processes, health, comprehensive monitoring of indicators to

measure improvement over time,focused
Secondarily, the ERP addresses, at a broader,research, and phasing of actions.
programmatic level, Central and South San
Francisco Bay and their local watersheds (Note: INDICATORS are features or attributes of the
The primary geographic focus area for the ERPecosystem that are expected to change over time
can be divided into 14 management zones, eachin response to implementation of the ERP.
characterized by a predominant physical habitatIndicators are selected to provide measurable _
type and species assemblage.) These 14 ecologicalevaluations of important ecological processes,
management zones constitute the geographic areashabitats, and species whose status individually and
in which the majority of restoration actions willcumulatively provide an assessment of ecological _
occur. The upper watersheds surrounding thehealth. Indicators of ecosystem health are the --
primary focus area are important and addressedgauges we will use to measure progress toward the i
through general actions that focus on watershedgoal. Some indicators are very broad in scale
processes and watershed planning, managementwhile others are very specific. For example, a i
and restoration. The CALFED Coordinated very broad or landscape level indicator of
Watershed Management Program addresses theecosystem health might be a comparison of the
coordination of planning and restoration actions intotal area of riparian forest to historic coverage or ¯
the upper watershed regions, an evaluation of the average distance between

patches of such forest with closer patches
IMPLEMENTATION STRATEGY indicating better health than more distant patches.

A more specific indicator might be the
A large and diverse ecosystem like the Bay-Deltaconcentration of toxic substances in the flesh of
is extremely complex. There are many processesadult striped bass. []
and relationships at work in the ecosystem that are

COMPREHENSIVE MONITORING is the processnot fully understood. Thus, there are many
difficulties and uncertainties associated with aof measuring the abundance, distribution, change []
program to improve ecosystem health. In someor status of indicators. For example, contaminant
cases, problems are well understood and the stepsconcentrations in fish tissues can be measured at
to improvement are clear. In other cases, there isvarious locations and times in the system to []
some understanding of the reasons for decline butdetermine if contaminant levels are changing.
this understanding is not sufficient to warrant full-This will allow progress to be measured, allow

scale implementation of remedial measures. Inactions to be modified if necessary, and provide []
still other cases, additional research is neededassurances that the restoration objectives are being

before solutions can be identified with certainty, achieved. (Note: A Comprehensive Monitoring,
Assessment, and Research Program is being

The difficulties and uncertainties of ecosystemdeveloped. A description of that program is |
restoration call for an implementation strategy thatpresented later in this section.)

is flexible and can accommodate and respond to
new information.The foundation of the ERP DIR~=eT~:D R~=Sr~ReH will help answer |

questions about the system and its components
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and increase the certainty surrounding the national, independentstakeholder and agency
relationships of ecological processes, habitats, scientists and technical experts convened to
and For the address scientific issues andspecies. example, relationships outstanding
among streamflow, storm events, flow-related review the ERP.
shaping of river channels to modify habitat, and
the and chemical that flow 3. PREPAREphysical signals CONCEPTUAL MODELS to
provides for aquatic species all need to be better describe the Bay-Delta ecosystem and the
understood for effective management of the proposed actions of the ERP. Restoration or

(Note: A Comprehensive Monitoring, rehabilitation for complexsystem. programs
Assessment, and Research Program is being ecosystems must be based on clear concepts
developed. A description of that program is about how the system is believed to function,
presented later in this section.) how it has been altered or degraded, and how

various actions might improve conditions in
STAGED IMPLEMENTATION is the logical the system. Conceptual models can provide a
sequence of implementing restoration actions to basis for quantitative modeling or identify
achieve CALFED goals as effectively as possible, critical information needs for research or
Phasing will consider all targets and programmatic monitoring. In ecosystem restoration, they can
actions and will be used to prioritize actions. For be used to link human activities or
example, actions directed at recovering management actions to outcomes important to
endangered species and which are consistent with society. In adaptive management, the most
the long-term restoration program and contribute important uses of conceptual models are for:
to ecological resilience have a high priority, linking human activities to valued outcomes,

highlighting key uncertainties where research
Stage I implementation is defined as the first 7 or adaptive probing might be necessary, and
year phase of the program and will include identifying monitoringneeds.
restoration of ecological processes and habitats
that are most important for endangered species4. DEVELOP TESTABLE HYPOTHESES for
recovery, reduction of stressors that affect proposed ERP actions. The hypotheses
threatened and endangered species, and other underlying the ERP will be tested through
actions that may reduce conflicts between experiments using the conceptual models and
beneficial uses in the system. Later on-the-ground research. The results from
implementation phases will be shaped through these exPeriments will feed back into the
adaptive management by the results of restoration adaptive management process and will
actions in the first 7 years of the program, support proposed actions, suggest revisions to

actions, and identify needs for further
The ERP will be refined and implemented research.
according to the steps listed below.

5. CONDUCT IMMEDIATE DIRECTED
1. REFINE THE ERP based on broad public RESEARCH to improve understanding of.the

participation, and using the best scientific ecosystem and the causes of problems
knowledge currently available in the short identified in the conceptual models and
term. testable hypotheses. Use results from short-

term to adjust way objectivesstudies the that
2. CREATE AN ECOSYSTEM SCIENCE are achieved, making refinements to the final

PROGRAM to provide ongoing scientific ERP targets, actions, and implementation
evaluation of the ERP. The Science schedule.Program
will be a collaborative effort among local and
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6. DEVELOP AND BEGIN A STAGED changing over large spatial scales, or a clear sense
IMPLEMENTATION PROGRAM that entails: of how the monitoring data might be used by

resource managers and decision makers. The
¯ short-term implementation of ecosystemability to provide coordinated and complete

restoration demonstration projects (e.g., monitoring coverage is especially difficult
through Restoration Coordination and because of the complex system structure, and the
related programs), including stressorcomplexities of the associated physical and
reduction measures, to help threatenedecological processes. These programs, however,
populations begin recovering and to test provide information essential to our understanding
the viability and effectiveness of targetsand management of the system. These existing
and actions, programs will figure prominently in the

development of a Comprehensive Monitoring,
¯ coordinated monitoring, evaluation, and Assessment and Research Program (CMARP)

reporting of the results of recovery (CMARP Steering Committee 1998).
efforts, and the status of ecological
indicators in the Bay-Delta and other Monitoring, assessment, and research are
zones, and important steps in an iterative process to

understand and manage a natural resource system.
¯ adaptive managementofeach successiveMonitoring involves measuring and sampling

phase of ERP implementation, includingphysical, chemical, and biological attributes oft.he
pragmatic adjustments to ecosystemresources and can include social and economic
targets, funding priorities, and restoration attributes of associated human activities.
techniques to ensure that public andAssessment involves developing correlations
private resources are well spent andamong monitored data, for example correlations
complement other related efforts, between the abundance of a fish species and a

factor such as river flow that might affect
During refinement and implementation of theabundance. Research involves analysis or
ERP, public accountability and programexperiments to establish mechanisms that explain
effectiveness will be assured through continuingobserved correlations, such as documenting fish
public involvement as well as environmentaldistributions and mortalities for different flows.
impact analysis and documentation. The information generated from monitoring,

assessment, and research provides resource
COMPREHENSIVE managers with understanding needed to design

MONITORING, ASSESSMENT. actions and to detect responses to their actions.

AND RESEARCH PROGRAM CALFED needs a monitoring and research
program for at least four reasons. First, CALFED

Many institutions, both within and outside of theneeds monitoring data and information to
CALFED partnership, are involved in monitoring implement the preferred program alternative and
and applied research that can contribute to theto carry out its related programs, and this need is
design and assessment of environmentalincreased by CALFED’s adoption of an adaptive
rehabilitation programs. The scope, coverage, andmanagement strategy. Second, CALFED needs to
coordination of existing monitoring and appliedsatisfy the Congressional mandate for indicators
research, however, are admittedly fragmentary,and performance measures with which to judge
When viewed together, these programs do notthe success of restoration efforts. Third, CALFED
provide a coherent, overall picture of what isneeds data and information with which to assure
being monitored, how the environment isstakeholders that the actions being taken are
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having desired results. Finally, CALFED needs to ECOSYSTEM REHABILITATION: Within
reduce the scientific uncertainty regarding the CALFED’s concept of ecosystem restoration,
management and protection of valued natural the ERP will largely focus onecosystem
resources, rehabilitation. In the context of CALFED,

ecosystem rehabilitation is defined as the
Thus, the of CMARP is to provide those by which resourcepurpose process managers
new facts and scientific interpretations necessary reestablish or refurbish key elements of
for CALFED to implement fully its preferred ecological structure and function within the
program alternative and related programs and for Bay-Delta ecosystem to a level tonecessary

the public and government to evaluate the success achieve ERP goals and objectives.
of CALFED actions.

ECOSYSTEM RESTORATION: Ecosystem

TERMS USED IN THE ERPP restoration is a term sometimes used to imply
the process of recreating die structural and

The following terms are used in the ERP: functional configurations of an ecosystem to
that present at some agreed to time in the past.

ECOSYSTEM-BASED MANAGEMENT: Because the structure and function of many
Ecosystem-based management is a resource elements of the Bay-Delta ecosystem have
management concept of achieving species been severely disrupted and cannot, be
management objectives by sustaining and feasiblely restored to a specified historic
enhancing the fundamental ecological condition, within the context of CALFED,
structures and processes that contribute to the ecosystem restoration is more realistically
well being of the species. A basic tenant of defined as the process by which resource
CALFED’s implementation of ecosystem- managers ensure that the capacity of the
based management is, to the extent feasible, to ecosystem to provide ecological outcomes
restore or rehabilitate the natural processes valued by society is maintained, enhanced, or
that create and maintain the important restored.
elements of ecosystem structure. Ecosystem-
based management differs fundamentally ECOLOGICAL PROCESS: Ecological processes
from the more traditional approach of species- act directly, indirectly, or in combination, to
based management, which seeks to shape and form the ecosystem. These include
manipulate specific environmental factors streamflow, watershed, stream channel, and
(e.g., direct removal of predators from the floodplain processes. Watershed processes are
environment to reduce predation levels on the closely linked to streamflow and include fire
target species) thought to be limiting target and erosion. Stream channel processes
species populations at levels below include stream meander, gravel recruitment
management objectives, and transport, water temperature, and

hydraulic conditions. Floodplain processes
ECOSYSTEM ELEMENT: An ecosystem element include overbank flooding and sediment

is a basic component or function which, when retention and deposition.
combined with other ecosystem elements,
make up an ecosystem. An ecosystem HABITATS: Habitats are areas that provide
element can be categorized as a process, specific conditions necessary to support
habitat, species, species community or plant, fish, and wildlife communities. Some
stressor, important habitats include gravel bars and

riffles for salmon winterspawning beds,
seasonal floodplains that support juvenile fish
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and waterbirds, and shallow near-shore behaves so that principles of adaptive
aquatic habitat shaded by overhanging tule management can be better employed.
marsh and riparian forest.

SPECIES AND SPECIES GROUPS: Certain
LONG- AND SHORT-TERM OBJECTIVES: species or groups of species are given

Objectives can be both short-term and long- particular attention in the ERP. This focus is
term. Short-term objectives should be clearly based on three criteria that might be met by a
feasible, relatively easy to measure, and species (including fish, wildlife, and plants):
achievable in reasonable length of time 1) is it a formally listed threatened or
(usually <25 years). The time period is not the endangered species (e.g., winter-run chinook
same as Stage I of the CALFED process, salmon, delta smelt), or is it a species
Long-term objectives may be more difficult to proposed for listing; 2) it is economically
determine and require additional resources important, supporting a sport or commercial
and knowledge to achieve, fishery (e.g., striped bass, signal crayfish);

3) is it a native species or species community
PROGRAMMATIC ACTION: A programmatic that is presently not listed by which could be

action represents a physical, operational, if population abundance or distribution
legal, institutional change or altemative declines, or 4) it is an important prey species
means to achieve a target. The number of (e.g., Pacific herring).
actions and their level of implementation is
subject to adjustment by adaptiveSTAGE 1 EXPECTATIONS: Stage 1 expectations
management. For example, the number of are meant to be measures of the progress
diversions screened may be adjusted up or towards meeting short-term objectives in the
down depending on the overall response of first 7 years of implementation program.
fish populations to screening and other These expectations have two basic
restoration actions, components: improvements in information to

allow better management of the ecosystem
An example of a programmatic action is to and improvements in physical and biological
develop a cooperative program to acquire and properties of the Bay-Delta ecosystem and
restore 1,500 acres of shallow-water habitat in watershed.
the Suisun Bay and Marsh Ecological
Management Unit. STRATEGIC GOAL: Strategic goals are the broad

statements that define the scope and purposes
STRATEGIC OBJECTIVES: Strategic objectives of the ERP. Strategic goals provide guidance

are a more detailed delineation of the in the development and evaluation of
Strategic Goal components and provide a proposed restoration actions.
framework to develop and organize targets
and programmatic actions. A strategicSTaESSORS: Stressors are natural and unnatural
objective is the most specific and detailed events or activities that adversely affect
description of what the ERP strives to ecosystem processes, habitats, and species.
maintain or achieve for an ecosystem element. Environmental stressors include water
The objectives are stated primarily in terms of diversions, water contaminants, levee
management actions designed to have a confinement, stream channelization and bank
favorable impact on the Bay-Delta system, armoring, mining and dredging in streams and
however, some are also stated in terms of estuaries, excessive harvest of fish and
studies that will teach us how the ecosystem wildlife, introduced predator and competitor

species, and invasive plants in aquatic and
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riparian zones. Some major stressorsVISION: A vision is what the ERP will
affecting the ecosystem are permanent accomplish with the stated objectives, targets,i features on the landscape, such as large dams and programmatic actions for an ecological
and reservoirs that block transport of the process, habitat, species or species group,
natural supply of woody debris and sediment stressor, or geographical unit. The vision
in rivers or alter unimpaired flows, statements included in the ERP provide

technical    background    to    increase
T,a, RG~:T: A target is a qualitative or quantitative understanding of the ecosystem and itsI statement an implementation types statements areof objecti~,e. elements.Two of vision

Targets are something to strive for but may included in the ERP: visions for ecosystem
change over the life of the program with new elements and visions for ecological zone. A

I information and or resource vision addresses an individualprogress, may vary

according to the configuration of storage and ecological processes, habitat, species or
conveyance in all alternatives. Targets may species group, or stressor, while an ecological
include a of values or a narrative zone vision addresses the integration ofrange
description of the proposed future value of an ecological processes, habitats, species, and
ecosystem element. Targets are to be set stressors within a clearly delineated
based upon realistic expectations, must be geographical area. Cumulatively, the visions
balanced against other resource needs and also provide detailed descriptions of the
must be reasonable, affordable, cost effective, ecosystem and its elements as they will look

i and practicably achievable, and function after restoration is accomplished.

The intent of the ERP is to achieve ecosystem REFERENCES
I health; targets are flexible tools to guide the

effort. The level of implementation for each CMARP Steering Committee. 1998. A proposal
target will be determined or adjusted through for the development of a comprehensive

i adaptive management. Targets are categorized monitoring assessment and research program.
according to the three levels of certainty Developed for CALFED by the CMARP
described above: (1) targets that have Steering Committee. Fina! Report. April 24,
sufficient certainty of success to justify full 1998.50 pp.
implementation in accordance with program
priorities and staged implementation; (2)Costanza, R. and H. Daly. 1992. Natural capital

~ I targets which will be implemented in stages and sustainable development. Conservation
with the appropriate monitoring and biology 1:31-45.
evaluation to judge benefits and successes;
and (3) targets for which additional research, Ecological Society of America. 1995. The
demonstration and evaluations are needed to scientific basis for ecosystem management.
determine feasibility or ecosystem response. Ad Hoe Committee on Ecosystem

~. ¯ Management. Washington, D.C.
| Examples of targets for tidal perennial aquatic

habitat are to restore 1,500 acres of shallow- Healey, M. 1998. Paradigms, policies and

I water habitat in the Suisun Marsh/North San prognostication about watershed ecosystems
Francisco Bay Ecological Management Zone and their management. To appear in R. J.
and restore 2,000 acres of shallow-water Naiman and R. E. Bilby (eds.), Ecology and
habitat in the South Delta Ecological management of streams and rives in the
Management Unit.
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POPULATION TARGETS AND
PROGRAMMATIC ACTIONS FOR
SPECIES AND SPECIES GROUPS

INTRODUCTION Research Program (CMARP) which is developing
the CALFED monitoring and research program.

This section presents the approach for describing
population targets and programmatic actions forConsistent with the Strategic Plan, this section is

species and species groups. Many of thesedivided into five segments that correspond with
the classification system used for Strategicpopulation targets are linked to formal recovery
Objectives. Four of the segments fall under

plans for State- or federally listed threatened or
Goal 1 and theStrategic (at-risk species)endangered species and, therefore, constitute an

exceedingly important component of the overallremaining segment is linked to Goals 3 (harvested

ecosystem restoration program, species).

Broad species and STRATEGIC GOALS
species group
population targets are 1. Achieve recovery of at-risk native species

presented here, prior to dependent on the Delta and Suisun Bay as the

our discussion of first step toward establishing large, self-
sustaining populations of these species;individual ecological

management zones, to support similar recovery of at-risk native

avoid redundancy, species in San Francisco Bay and the

Where watershed above the estuary; and minimizenecessary,we

provide additional the need for future endangered species listings
targets and actions by reversing downward population trends of

within the ecological management zone native species that are not listed.

descriptions if they differ or are in addition to the
3. Maintain and enhance populations of selectedinitial presentation of species population targets

and programmaticactions, species for sustainable commercial and
recreational harvest, consistent with goals 1

Little recent information regarding abundance, and 2.

distribution, or life history requirements are
available for some species. This limits our abilityThe divisions follow:

to develop species targets and programmatic
actions. Instead, some targets are presented as̄ HIGH PRIORITY AT-RISK SPECIES

information needs, such as a target for lamprey (Priority Group I): These are at-risk native

would be to conduct distributional and abundance species dependent on the Bay-Delta system,

surveys to enable the development of lamprey most of them listed under the Endangered

targets and programmatic actions. These Species Act (ESA) or proposed for listing,

information-directed targets are linked to the whose management for restoration implies

Comprehensive Monitoring, Assessment, and substantial manipulations of the ecosystem
(e.g., requiring large amounts of fresh water at
certain times of the year).
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¯ AT-RISK NATIVE SPECIES (Priority Group Ecological Management Zones. A goal of
II): These are at-risk native species dependent "Recovery" was generally assigned to those
on the Bay-Delta system whose restoration isspecies whose range is entirely or nearly entirely
not likely to require large-scale manipulationswithin the area affected by the CALFED Program
of ecosystem processes because they haveand for which CALFED could reasonably be
limited habitat requirements in the estuary andexpected to undertake all or most of the actions
watershed (e.g., brackish waterplants), necessary to recovery the species. The term

"recover" generally means the decline of a species
¯ AT-RISK UPSTREAM NATIVE SPECIES is arrested or reversed, threats to the species are

(Priority Group III): These are at-risk species neutralized, and thus, the species’ long-term
that primarily live upstream of the estuary orsurvival in nature is assured. In the case of most
in local watersheds of San Francisco Bay. species listed under the Federal ESA, recovery is

equivalent, at a minimum, to the requirements of
¯ DECLINING NATIVE SPECIES (Priority delisting. For certain species, such as anadromous

Group IV): These are native species in thefish, with threats outside the geographic scope or
estuary and watershed not yet at risk ofpurview oftheCALFED Program, CALFED may
extinction that have the potential to achievenot be capable of completely recovering the
that status if steps are not taken to reversespecies, but will implement all necessary recovery
their declines or keep populations at presentactions within the ERP Ecological Management
levels. Their rehabilitation either does notZones. For other species, CALFED may choose a
depend on conditions in the Bay-Delta systemgoal that aims to achieve more than would be
or depends on unknown factors, required for delisting (e.g., restoration of a species

and/or its habitat to a level beyond delisting
¯ HARVESTED SPECIES: These are species requirements). The effort required to achieve the

that support recreational and commercialgoal of "Recovery" may be highly variable
harvest not already covered by the previousbetween species. In sum, a goal of "Recovery"
classes, implies that CALFED will undertake all actions

within the ERP Ecological Management Zones
LINK~GI= TO CONSi=RV/I~TION and program scope necessary to recover the

STRATEGY
species.

CONTRIBUTE TO RECOVERY ("r’): For thoseThe Multi-species Conservation Strategy (MSCS) species designated "r," the CALFED Program will
addresses all federally and State listed, proposed,make specific contributions toward the recovery
and candidate species that may be affected by theof the species. The goal "Contribute to Recovery"
CALFED Program; other species identified by was generally assigned to those species for which
CALFED that may be affected by the Program CALFED Program actions affect only a limited
and for which adequate information is availableportion of the species range and/or CALFED
also are addressed in the MSCS. The termProgram actions have limited effects on the
"evaluated species" is used to refer to all of thespecies. In the case of a species with a recovery
species addressed by the Conservation Strategy.
Please refer to the MSCS appendix (bound

plan, this may mean implementing some of the
measures identified in the plan. For species

separately) for more information and for awithout a recovery plan, this would mean
complete listofevaluatedspecies, implementing specific measures that would

benefit the species. In sum, a goal of contributing
RECOVERY "R’: For those species designated to a species’ recovery implies that CALFED will
"R" the CALFED Program has established a goalundertake some of the actions within its
to recover the species within the CALFED ERP
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I geographic scope necessary to recovery the Strategic Plan Priority Group I.
species. ,/~ At-risk native species dependent on

I the Bay-Delta system, most of them
MAIN’rAIN {"M"): For those species designated listed under the Endangered Species
"m," the CALFED Program will undertake actions Act (ESA) or proposed for listing,

i~-- to maintain the species (this category is lesswhose management for restoration implies
rigorous than Contribute to Recovery). The goalsubstantial manipulations of the ecosystem (e.g.,

~. "Maintain" was generally assigned to speciesrequiring large amounts of fresh water at certain
~ ~ expected to be minimally affected by CALFED times of year).
_̄ actions. For this category, CALFED will ensure

that any adverse effects to the species are

I addressed commensurate with the level of effect                 DELTA SMELT (R)~
on the species; thus, actions may not actuallyPOPULATION TARGET: Meet Delta Nativecontribute to the recovery of the species, but

Fishes Recovery Plan goals which includewould be expected, at a minimum, to not
contribute to the need to list an unlisted species orrecovery goals tied to the fall midwater trawl

degrade the status of an already listed species,survey and distribution of catch in various trawl

CALFED will also maximize beneficial effects onsurvey zones (~).

I          these species to the extent practicable.                PROGRAMMATIC ACTION: Restoring delta
smelt will come indirectly from increasing March

: I SPECIES POPULATION to May Delta inflow and outflow; Delta channel

TARGETS AN D hydraulics, the Delta aquatic foodweb, and aquatic
wetland and riparian habitats; and reducing

I PROGRAMMATIC stressors including effects of water diversions and
ACTIONS contaminants.

I Targets developed for the species and speciesI~tlTION.~.LE." The recovery objective for delta
groups can be classified by their reliability insmelt is to remove delta smelt from the Federal list
contributing to attainment of the Strategicof threatened species through restoration of it

i Objectives. The target classification system usedabundance and distribution. Recovery of delta
~ in the following section is as follows: smelt shouldnot be at the expense of other native

= fishes. The basic strategy for recovery is to

I Class Description manage the estuary in such a way that it is a

¯ Target for which additional research, better habitat for native fish in general anddelta

demonstration, and evaluation is needed tosmelt in particular. 1reproved habitat will allow

I determine feasibility or ecosystem response, delta smelt to be widely distributed throughout the
Delta and Suisun Bay, recognizing that areas of

,I~ Target which will be implemented in stagesabundance change with season.

I with the appropriate monitoring to judge
benefit and success. Recovery of delta smelt will consist of two phases,

restoration and delisting. Separate restoration

I ~ Target that has sufficient certainty of success
to justify full implementation in accordance
with adaptive management, program priority
setting, and phased implementation. I. Note: Letter in parentheses refers to Conservation

I Strategy goal for the species. (e.g., "’R" is recovery
of the species, "r" is contribute to recovery, "m" is
maintain species, and "nc" is not covered.

l
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and delisting periods were selected because it is with one year dry or critical. Both criteria depend
possible that restoration criteria could be met on data collected by the California Department of
quicky in the absence of consecutive extreme Fish and Game during the fall midwater trawl
outflow years (i.e., extremely wet or dry years), during September and October (U..S. Fish and
However, without the population being tested by Wildlife Service 1996).
extreme outflows there is no assurance of long-
term survival for the species. 1reproved spring inflow and outflow should benefit

the population by providing attraction flow to
Thus restoration is defined as a return of the adults moving into the Delta to spawn, by
population to pre-decline levels, but delisting is stimulating aquatic foodweb production to help
not recommended until the population has been ensure young delta smelt survival and by
tested by extreme outflows. Delta smelt will be providing transport flow to larval delta smelt to
consideredrestoredwhen its population dynamics move them from the Delta into prime nursery
and distribution pattern within the estuary are habitat in the western Delta and Suisun Bay.
similar to those that existed in the 1967-1981 Improving channel hydraulics would increase the
period. This period was chosen because it aquatic foodweb and improve spawning and
includes the earliest continuous data on delta rearing habitat. Reducing the effects of water
smelt abundances and was a period in which diversions and contaminants would help to
populations stayed reasonably high in most years, improve survival of young and adult delta smelt.
The species will be considered recovered and
qualify for delisting when it experiences a five- LONGF:IN SMELT
year period that includes two sequential years of
extreme outflows, one of which must be dry or T,~RG~’: Meet the goals of the Delta Native
critically dry. Delta smelt will be considered for Fishes Recovery Plan which include recovery
delisting when the species meets recovery criteria goals tied to the fall midwater trawl survey and the
under stressor conditions comparable to those distribution of catch in various zones of the trawl
that led to listing and mechanisms are in place survey, and catch goals in the Suisun Marsh trawl
that insure the species’ continued existence, survey (.~).

Restoration of delta smelt should be assessed PaoG~du~,a,’rle ACZTION: Restoration of
when the species satisfies distributional and longfin smelt will come indirectly from:
abundance criteria. Distributional criteria increasing March to may Delta inflow and
include: (1) catches of delta smelt in all zones 2 of outflow; improving Delta channel hydraulics;
5 consecutive years, (2) in at least two zones in I improving the Delta aquatic foodweb; improving
"of the remaining 3 years, and (3) in at least one aquatic wetland and riparian habitats, and
zone for the remaining 2 years. Abundance reducing stressors including the effects of water
criteria are: delta smelt numbers of total catch diversions, contaminants, and the stocking of
must equal or exceed 239for 2 out of 5 years and striped bass and chinook salmon in longfin smelt
not fall below 84for more that two years in a row. nursery areas of North San Francisco Bay.
Distributional and abundance criteria can be met
in different years. If distributional and abundance i:~ TlON, Od.£" General restoration objectives are
criteria are met for a five-year period the species the same as those described for delta smelt.
will beconsidered restored Delta smelt will meet Longfin smelt will be considered restored when its
the remaining recovery criteria and be considered population dynamics and distribution patterns
for delisting when abundance and distributional within the estuary are similar to those that existed
criteria are met for a five-year period that in the 1967-1984period Thisperiodwas chosen
includes two successive extreme outflow years, because it includes the earliest continuous data on
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longfin smelt abundances and was a period in GREEN STURGEON (R)
which populations stayed reasonably high in most
years. POPUL~,TION TARG~-r: Meet goals of the Delta

Native Fishes Recovery Plan which includes 1,000
Restoration of longfin smelt will be achieved when green sturgeon greater than 100 centimeters long
the species satisfies distributional and abundance as measured in the DFG mark-recapture program
criteria. Distributional criteria are." (1) long)qn for estimating sturgeon abundance (~).
smelt must be captured in all zone 5 of l O years,
(2) in two zones for an additional year, and (3) at PROGRAMMATIC ACTION: Restoration of
least one zone for 3 of the 4 remaining years, with green sturgeon will come indirectly from
no failure to meet site criteria in consecutive increasing March to May Delta inflow and
years. Abundance must be equal to or greater outflow, improving Delta channel hydraulics,
than predicted abundance for 5 of 10 years, improving the Delta aquatic foodweb, and
Distributionalandabundance criteria can be met reducing stressors including effects of water
in different years. If abundance and distributional diversions and contaminants.
criteria are met for a ten-year period, the species
will be considered restored. Both criteria depend TARGET: Restore access to habitat below
on data collected by the California Department of Keswick Dam and increase the average annual
Fish and Game with the fall midwater trawl, abundance of adult green sturgeon to levels that
during September and October (U.S. Fish and will ensure the continued existence of this species
Wildlife Service 1996). (~).

Meeting the targets of the Native Fish Recovery PROGR,/M~MATIC ACTION: Actions in the
Plan will indicate an increase in the longfin smelt Sacramento River and San Joaquin River
population. Without such an increase in the Ecological Management Zones have been
population, there wouM be no guarantee that designed specifically to restore green sturgeon,
recovery is occurring. Improved spring inflow and access to habitat below Keswick Dam, and habitat
ouOqow should benefit the population by providing quality. This species will directly benefit from
attraction flow to adults moving into the Delta to previously described actions in this zone to
spawn, by stimulating    aquatic foodweb increase and improve streamflows, natural
production to help ensure young longfin supply, stream meander,smelt sediment channel andthe
survival, and by providing transport flow to area and distribution of riverine aquatic habitat.
larval longfin smelt to move them from the Delta
into habitat in the western Delta These actions address:primenursery programmatic
and Suisun Bay.

¯ Central Valley streamflows,
Improving channel hydraulics wouM increase the ¯ natural sediment supply,
aquatic foodweb and improve spawning and ¯ stream channel meander,
rearing habitat. Reducing the effects of water ¯ riparian and riverine aquatic habitat,
diversions and contaminants would help to ¯ contaminants,
improve survival of young and adult longfin smelt. ¯ water diversions, and
Reevaluation of stocking striped bass and chinook ¯ dams, reservoirs, weirs, and other human-
salmon into prime nursery habitats of longfin made structures.
smelt in San Pablo Bay and Suisun Bay would
reduce predation on young longfin smelt. Additional programmatic actions have been
Alternative locations and time of stocking may proposed in the Feather River/Sutter Basin,
limit predation on long~qn smelt. Sacramento-San Joaquin Delta, and Suisun
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Marsh/North San Francisco Bay Ecological population goals can be re-evaluated and a
Management Zones that will contributeto realistic, presumably higher, goalestablished. It
restoring green sturgeon, may be desirable to have the numbers high

enough to support the removal of a minimum of 50
R~,TIOIVALE: The primary objective isto fishover I metertotallengthperyearbyafishery
maintain a minimumpopulation of 1, O00 fish over (assuming an exploitation rate of 5 percent is
1 meter (39 inches) total length each year, sustainable) (U.S. Fish and Wildlife Service
including 500females over 1.3 meters (51 inches) 1996).
total length (minimum size at maturity), during the
period (presumably March-duly) when spawners Improved spring inflow and outflow shouM benefit
are present in the estuary and the Sacramento the populations by providing attraction flow to
River. The restoration of green sturgeon should adults moving through the Delta into the rivers to
not be at the expense of other native fishes, spawn, bystimulatingaquaticfoodwebproduction
including white sturgeon. The 1,000 number was to help ensure young sturgeon survival, and by
determined as being near the median number of providing transport flow to larval sturgeon to
green sturgeon estimated to be in the Estuary move them from the rivers into prime nursery
during the 1980s. The total size of the adult green habitat in the Delta and Suisun Bay. Improving
sturgeon population that uses the estuary may be channel hydraulics would increase the aquatic
larger than 1,000 because non-spawning adults foodweb and improve juvenile rearing habitat.
may be in the ocean. Reducing the effects of water diversions and

contaminants would help to improve survival of
Green sturgeon will be considered restored in the young and adult sturgeon.
Sacramento-San Joaquin estuary once the median
population of mature individuals (over 1 meter SPLITTAIL (R)
total length) has reached 1,000 individuals
(including 500 females over 1.3 meters total POPULATION T,~GET: Meet the goals of the
length) over a 50 year period or for five Native Fish Recovery Plan (US Fish and Wildlife
generations (10 years is the minimum age of Service 1996), which include recovery goals tied
sexual maturity). If population estimates are fewer to the fall midwater trawl survey and distribution
that 1,000fish for more than three years in a row, of catch in various zones of the trawl survey
the restoration period will be restarted (Note: (.~).
This definition is subject to revision as more
information becomes available.) Restoration will PROGRAMMATIC ACTION: Restoration of
be measured by determiningpopulation sizes from splittail will come indirectly from increasing
tagging programs or other suitable means. The March to May Delta inflow which will increase
present sturgeon tagging programs, which focus spawning area availability, improving Delta water
on white sturgeon, are inadequate for determining temperature, improving Delta channel hydraulics,
accurately the abundance of green sturgeon, improving the Delta aquatic foodweb, improving
Therefore, a medianpopulationgoalofl,0OOfish aquatic wetland, and riparian habitats, and
over 1 meter total length (including 5OO females reducing stressors including effects of water
over 1.3 meters total length) is achievable with diversions and contaminants.
numbers determined through a monitoring
program that focuses specifically on green TARGET: Increase the average annual abundance
sturgeon. Thus, the first restoration criterion will and distribution of adult fish to levels that existed
be establishment of an adequate population from 1967 to 1983 (~).
determination through a monitoring program.
Once that program is in place, the minimum
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I PROGRAMMATIC ACTION: Actions in the criterion for five consecutive years, the
Sacramento River and Sacramento-San Joaquin restoration period will start over.

I Delta Ecological Management Zones have been
designed specifically to restore splittail or their̄ Splittail will be considered restored when
habitat. This species will directly benefit from Suisun Marsh catchper trawl exceed 3.8for

I actions in this zone to increase the area and 7 out of 15 years and when splittailyoung
distribution of riparian and riverine aquatic abundance exceeds 3.1per trawl for at least
habitats and natural flood and floodplain 3outof15years. Splittailyoungabundance

I processes. These programmatic actions address: can be used to make up total abundance. If
these target criteria (both young and overall)

¯ riparian and riverine aquatic habitat, and are not met for 5 consecutive years, the

I ¯ natural flood and floodplain processes, restoration’period will begin again.

Additional restoration actions that will benefit¯ Splittail will be considered restored when Bay

I split-tail are proposed for the American River Study otter trawlnumbers exceed 18for 7 out
Basin, Yolo Basin, Feather River/Sutter Basin, of 15 years and when splittail young numbers
Eastside Delta Tributaries, and San Joaquin River exceed 14 for 3 out of 15 years. Young-of-

I Ecological Management Zones. year numbers can be applied to meet overall
criterion. If these targets, including both

RA TtONALE." Splittail will be considered restored young-of-year and overall criteria, are not

I when they meet two out of three possible metforfiveconsecutiveyears, the restoration
restoration criteria, developed from three period will be re-started (U.S. Fish and
independent surveys. The three possible criteria Wildlife Service 1996).

I are: (1) fall midwater trawl numbers must be 19
or greater for 7 of 15 years," (2) Suisun Marsh lmproved spring inflow and outflow shouM benefit
catch per trawl must be 3.8 or greater and catch the population by providing attraction flow to
of young-of-year must exceed 3.1 per trawl for 3 adults moving upstream into the Delta and rivers

I of years," (3) Bay Study otter to spawn, by increasing flooding of riparian15 and trawl
numbers must be 18 or greater and catch of vegetation and flood plain processes which

¯ young-of-year must exceed 14 for 3 out of 15 provide important spawning habitat ofsplittail, by
I Within each if target criteria are stimulating aquaticfoodweb production to helpyears. survey,

not met at least once in 5 consecutive years, the ensure young splittail survival. Improving channel
restoration period for the failed survey will be re- hydraulics would increase the aquatic foodweb

I started Criteriadependondatacollectedbythree and improve spawning and rearing habitat.
independent surveys, two conducted by the Improving Shallow water, slough, and wetland
California Department offish and Game and on habitats should increase the spawning andrearing
conducted by the University of California Davis. habitat ofsplittail. Reducing the effects of water
These studies were chosen because they sample diversions and contaminants would help to
most of the splittail range and contain the earliest improve survival of young and adult splittail.

i continuous data on splittail abundance.
SACRAMENTO WINTER-RUN

When any two out of three criteria are reached, CHINOOK SALMON (R)
I splittail will be considered restored.

POPULATION TARGET: Meet the goals of the
¯ Splittail will be considered restored when the Winter-Run Chinook Salmon Recovery Plan and

I fall midwater trawl exceeds 19for 7 out of 15 the Anadromous Fish Restoration Program (.,i~).
years, lf splittail fail to meet this restoration
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PROGRAMMATIC ACTION: Restoring chinook establishment of an addition population of winter-
salmon populations will come indirectly from run chinook salmon.
increasing March to May Delta inflow and
outflow; improving Delta channel hydraulics; i~r/ONAL~." The goal of the Sacramento River
improving the Delta aquatic foodweb; increasing winter-run chinook salmon is to establish a
shallow water, riparian, and wetland habitats in framework for the recovery of the population
the Delta; and reducing stressors including effects through a logical program of improving the
of water diversions and contaminants, habitat and environment of the species.

Specifically, the recovery of this species requires
TARGET: Restore the winter-run chinook salmon actions which increase their abundance and
spawning population to levels that ensure its improve their habitat to the point that the
continued existence and allow ~for sport and probability of subsequent extinction will be very
commercial harvest (,~,I~). low. When the underlying causes of the species’

decline are no longer in effect and the species has
PROGRAMMATIC ACTION: Actions in the rebounded to relatively healthy levels, winter-run
Sacramento River and Sacramento-San Joaquin chinook can be removed from the list of
Delta Ecological Management Zone have been threatened and endangered species; that is, it can
designed specifically to restore winter-run be "delisted."
chinook and its habitat. This species will directly
benefit from previously described actions in this An extinction model was used to develop the
zone to improve or restore ecological processes delisting criteria to ensure a low probability of
and functions that create and maintain habitat and extinction once the criteria have been reached
to reduce stressors that adversely affect processes, The risk level chosen was a probability of less
habitats, and winter-run chinook salmon directly, than O. 1 within the 50 years following delisting.
These programmatic actions address: Assurance of the probability of extinction required

specification of the population growth rate in
¯ Central Valley streamflows, addition to population abundance. The delisting
= natural sediment supply, criteria for winter-run chinook follow:
¯ Central Valley water temperatures,
¯ stream channel meander, Population Criteria: the mean annual spawning
¯ natural flood and floodplain processes, abundance over any 13 consecutive years shall be
¯ riparian and riverine aquatic habitat, 10, O00females (or a total spawning run of more
¯ water diversions, dams, reservoirs, and weirs, than twice the female spawning abundance). The
¯ levees, bridges, and bank protection, geometric mean of the Cohort Replacement Rate
¯ predation and competition, over those same 13 years shall be greater than
¯ contaminants, 1.0. Estimates of these criteria shall be based on
¯ harvest of fish and wildlife, and natural production alone and shall not include
¯ artificial propagation of fish. hatchery-producedfish. The variability in Cohort

Replacement Rate is assumed to be the same as or
Additional programmatic actions that will less than the current variability. In addition, there
contribute to the recovery of winter-run chinook must be a system inplacefor estimating spawning
salmon are proposed for the Suisun Marsh/North run abundance with a standard error less than
San Francisco Bay, and Yolo Basin Ecological 25% of the estimate, on which to base the
Management Zones. Programmatic actions calculation of the population criteria. If this level
proposed for Battle Creek in the North of precision cannot be achieved, then the sampling
Sacramento Valley Ecological Management Zone period over which the geometric mean of the
have the potential to allow the future Cohort Replacement Rate is estimated must be
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increased by one additional year for each 10% of ¯ riparian and riverine aquatic habitat,
additional error above 25% (National Marine ¯ water diversions, dams, reservoirs, weirs,
Fisheries Service 1997). ¯ levees, bridges, and bank protection,

¯ predation and competition,
lmproved spring inflow and ouoqow should benefit ¯ contaminants,
the populations by providing attraction flow to ¯ harvest offish and wildlife, and
adults moving through the Delta into the rivers to ¯ artificial propagation of fish.
spawn, by stimulating aquatic foodweb production
to help ensure young survival, and by providing I~irtONAt.£¯ Spring-run chinook salmon are
transport flow to juvenile salmon to move them listed as a threatened species under the California
from the rivers into prime nursery habitat in the Endangered Speeies Act and proposed for listing
Delta and Bay. Improving channel hydraulics under the ESA. Because of their life history
would increase the aquatic foodweb and improve patterns, spring-run chinook enter the Sacramento
juvenile rearing habitat. Reducing the effects of River early in the year and ascend to tributaries
water diversions and contaminants would help to where they oversummer to spawn during the
improve survival of young and adult salmon, following fall. Young fish may rear for a year or

longer in the tributaries before entering the
SACI~d~IENTO SPRING-RUN Sacramento River during their seaward migration.

CHINOOK SALMON (R)
The status of a spring-run chinook salmon in the

POOUL~TION T~GET: Maintain the average mainstem Sacramento River is uncertain,
cohort replacement rate of Sacramento spring-runhowever, evidence suggests that there may be a
chinook salmon above 1.O while the stock is significant introgression with fall-run chinook.
rebuilding. Then~ maintain a replacement rateThe role of the Sacramento River in sustaining
equal to or greater than 1.0 when the stock reachesspring-run chinook salmon is primarily to provide
restoration goal levels set by the regulatoryadult fish passage to the tributary streams andto
agencies (~). provide rearing and emigration habitat for

juveniles during their seaward migration.
PROGRAMMATIC ACTION: Actions in the’
Sacramento River, North Sacramento Valley, Natural populations and their essential habitat
Cottonwood Butte Feather must be sufficiently abundant to ensureCreek, Basin,
River/SuRer Basin, and Sacramento-San JoaquinSacramento River spring-run chinook salmon’s
Delta Ecological Management Zones have beenlong-term survival. In order to achieve recovery,

to achieve the spring-run the remaining natural, non-introgresseddesigned recovery
chinook and its habitat. This species will directlypopulations of spring run and any re-established
benefit from previously described actions in thisnaturalpopulations must be protected, monitored,
zone to improve or restore ecological processesand proven to be self-sustaining to the satisfaction
and functions that create and maintain habitat andof the Department offish and Game and the Fish
to reduce stressors that adversely affect processes,and Game Commission. Recovery goals must
habitats, and spring-run chinook salmon directly,ensure that the individual populations, as well as
These programmatic actions address: the collective metapopulation, are sufficiently

abundant to avoid genetic risks of small
¯ Central Valley streamflows, population size. Thus, recovery goals need to
¯ natural sedimentsupply, address abundance levels (adult spawning
¯ Central Valley water temperatures, escapements), population stability criteria,
¯ stream channel meander, population distribution, and length of time for
¯ natural flood and floodplain processes, determiningsustainability.
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The California Department ofFish and Game’s Then maintain a replacement rate equal to or
recovery objectives for Sacramento River spring- greater than 1.0 when the stock reaches restoration
run chinook salmon are (1) the protection and goal levels set by the regulatory agencies (,,).
enhancement of the existing natural populations;
(2) the re-establishment of additional, viable PROGRAMMATIC ACTION: Actions in the
native populations; and (3) the restoration and Sacramento River, North Sacramento Valley, and
protection of natal rearing, and migratory Sacramento-San Joaquin Delta Ecological
streams within the Sacramento River basin Management Zones have been designed
(California Department ofFish and Game 1998). specifically to restore late-fall-run chinook and its

habitat. This species will directly benefit from
The U.S. Fish and Wildlife Service (1996) has previously described actions in this zone to
recommended restoration objectives and criteria improve or restore ecological processes and
for Sacramento River spring-run chinook salmon functions that create and maintain habitat and to
based on the objective of establishing self- reduce stressors that adversely affect processes,
sustaining populations which will persist habitats, and late-fall-run chinook salmon directly.
indefinitely for each species addressed These programmatic actions address:
Additionally, the population goals for chinook
salmon runs include extra adult production for ¯ Central Valley streamflows,
allowing sustained limited harvests of each run. ¯ natural sediment supply,
The plan states that restoration will be measured ¯ Central Valley water temperatures,
by three interacting criteria: (1) presence of self- ¯ stream channel meander,
sustaining spawning populations in Mill and Deer ¯ natural flood and floodplain processes,
creeks; (2) total number of spawners in Mill, ¯ riparian and riverine aquatic habitat,
Deer, Antelope, Butte, Big Chico, Beegum, South ¯ water diversions, dams, reservoirs, and weirs,
Fork Cottonwood, and Clear creeks (if the Yuba ¯ levees, bridges, and bank protection,
River proves to still have a natural run of spring- ¯ predation and competition,
rTm chinook, the population goal should be raised ¯ contaminants,
by whatever number of spawners the stream can ¯ harvest offish and wildlife, and
supporO; and (3) smolt survival through the ¯ artificial propagation offish.
Delta.

Additional programmatic actions that will
Spring-run chinook salmon populations will be contribute to the recovery of late-fail-run chinook
considered healthy when the average number of salmon are proposed for the Sacramento-San

in tributary streams to the Sacramento Joaquin Delta, Suisun Marsh/North San Franciscospawners
River exceeds 5,000fish each year over a 15-year Bay, and Yolo Basin Ecological Management
period (five generations times 3 years per Zones.
generation), with 3 of the 15 years being dry or
critically dry. The average number of natural, R,~rlolu,~.~: Presently, late-fall-run chinook
wild spawners over the 15-year period must not salmon have no special protection. The great
be fewer than 8, O00 fish (USFWS 1996). majority of late-fall-run chinook appear to spawn

in the mainstem Sacramento River during
SACRAMENTO LATE-FALL-RUN January, February, and March. Late-fall-run

CHINOOK S/M.MON (R) chinook abundance has declined due to passage
problems at Red Bluff Diversion Dam, loss of

POPULATION TARGE’r: Maintain the average habitat, poor survival of emigrating smolts, sport
cohort replacement rate of late-fall-run chinookand commercial harvest, and other factors, such
salmon above 1.0 while the stock is rebuilding,as disease and pollutants.
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Sacramento River late-fall-run chinook salmon Creek, Feather River/SuRer Basin, American
populations will be regarded as healthy when the River, Eastside Delta Tributaries, East San
average number of spawners in the Sacramento Joaquin, Sacramento-San Joaquin Delta, Suisun
River basin exceeds 15, O00 fish each year over a Marsh/North San Francisco Bay, and Yolo Basin
15-year period (five generations times 3 years per Ecological Management Zones.
generation), with 3 of the 15 years being dry or
critically dry (U.S. Fish and Wildlife Service ~TIOIIlgiL~.." Because of their life-history
1996). requirements, typical of all Pacific salmon,

Central Valley chinook salmon require high-
FALL-RUN CHINOOK SALMON (R) quality habitats for migration, holding, spawning,

egg incubation, emergence, rearing, and
POPULATION TARGET: Maintain the average emigration to the ocean. These diverse habitats
cohort replacement rate of Sacramento fall-run are still present throughout the Central Valley and
chinook salmon above 1.0 while the stock is are successfullymaintainedtovaryingdegrees by
rebuilding. Then maintain a replacement rate existing ecological processes. Even though the
equal to or greater than 1.0 when the stock reaches quality and accessibility of the habitats have been
restoration goal levels set by the regulatory diminished by human-caused actions, these
agencies (,,). habitats can be restored through a comprehensive

program that strives to restore or reactivate
PROGi~d~I~a, TIC ACTION: Actions in many of ecological processes, functions, and habitat
the Ecological Management Zones have been elements on a systematic basis, while reducing or
designed specifically to restore fall-run chinook eliminating known sources of mortality and other
and its habitat. This species will directly benefit stressors that impair the survival of chinook
from previously described actions in this zone to salmon.
improve or restore ecological processes and
functions that create and maintain habitat and to There are three major programs to restore
reduce stressors that adversely affect processes, chinook salmon populations in the Central Valley.
habitats, and fall-run chinook salmon directly. The Secretary of the Interior is required by the
These programmatic actions address: Central Valley Project Improvement Act (PL 102-

5 75) to double the natural production of Central
¯ Central Valley streamflows, Valley anadromousfish stocks by 2002 (USFWS
¯ natural sediment supply, 1995). The National Marine Fisheries Service is
¯ Central Valley water temperatures, required under the federal ESA to develop and

stream meander, implement a recovery plan for endangeredchannel the
¯ natural flood and floodplain processes, winter-run chinook salmon and to restore the
¯ riparian and riverine aquatic habitat, stock to levels that will allow its removal from the
¯ water diversions, dams, reservoirs, and weirs, list of endangered species OVMFS 1996). The
¯ levees, bridges, and bank protection, California Department of Fish and Game is
¯ predation and competition, required under state legislation (the Salmon,
¯ contaminants, Steelhead Trout and Anadromous Fisheries
¯ harvest offish and wildlife, and Program Act of 1988) to double the numbers of
¯ artificial propagation of fish. salmon that werepresent in the Central Valley in

1988 (Reynolds et al. 1993).
Additional programmatic actions that will
contribute to the restoration of fall-run chinook Each of the major chinook salmon restoration
salmon are proposed for the North Sacramento /recovery programs has developed specific goals
Valley, Butte Basin, Colusa Basin, Cottonwood for Central Valley chinook salmon stocks. ERPP
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embraces each of the restoration/recovery goals ¯ Central Valley streamflows,
and will contribute to each agency’s program by ¯ natural sediment supply,
restoring critical ecologicalprocesses, functions, ¯ Central Valley water temperatures,
and habitats, and by reducing or eliminating ¯ stream channel meander,
stressors. ERPP’s approach is to contribute to ¯ natural flood and floodplain processes,
managing and restoring each stock with the goal ¯ riparian and riverine aquatic habitat,
of maintaining cohort replacement rates of much ¯ water diversions, dams, reservoirs, and weirs,
greater than 1.0 while the individual stocks are ¯ levees, bridges, and bank protection,
rebuilding to desired levels. When the stocks ¯ predation and competition,
approach the desiredpopulation goals, ERPP will ¯ contaminants,
contribute to maintaining a cohort replacement ¯ harvest of fish and wildlife, and
rate ofl.O. ¯ artificial propagation of fish.

STEEU-IEAD "tROUT (R} Additional programmatic actions that will
contribute to the recovery of steelhead are

POt~UL~TION TARGLrr: Increase naturally proposed for the North Sacramento Valley,
spawning population number and sizes sufficientCottonwood Creek, Colusa Basin, Butte Basin,
to maintain population resiliency and to allowFeather River/Sutter Basin, American River,
meta-population persistence through periods ofEastside Delta Tributaries, San Joaquin River East
adverse climatic and ecological conditions. ThisSan Joaquin, Sacramento-San Joaquin Delta,
would entail, at a minimum, restoring andSuisunMarsh/North San FranciscoBay, andYolo
maintaining viable populations in the upperBasin Ecological Management Zones.
Sacramento, Feather, Yuba, American,
Mokelumne, Stanislaus, Tuolumne, and MercedR~rtONAI_~." NMFS has identified steelhead
rivers, and Battle, Clear, Big Chico, Butte,populations intheCentral Valley ascomposinga
Antelope, Mill, and Deer creeks (~). single evolutionarilysignificant unit (ESU) based

on a variety of physical and biological data. These
PROGraMaTIC Ae’rloN: Restoring steelhead data include the physical environment (geology,
trout populations will come indirectly fromsoil type, air temperature, precipitation, riverflow
increasing March to May Delta inflow andpatterns, water temperature, and vegetation);
outflow; improving Delta channel hydraulics;biogeography (marine, estuarine, and freshwater
improving the Delta aquatic foodweb; increasingfish distributions); and life history traits (age at
shallow water, riparian, and wetland habitats insmolting, age at spawning, river entry timing,
the Delta; and reducing stressors including effectsspawning timing, and genetic uniqueness).
of water diversions and contaminants.

The Central Valley steelhead ESU encompasses
Actions in the Sacramento River Ecological the Sacramento River and its tributaries and the
Management Zone have been designedSan Joaquin River and its tributaries downstream
specifically to restore steelhead or their habitat,of the confluence with the Merced River (including
This species will directly benefit from previouslythe Merced River). Recent data from genetic
described actions in this zone to improve orstudies showthatsamples of steelhead from Deer
restore ecological processes and functions thatand Mill creeks, the Stanislaus River, Coleman
create and maintain habitat and to reduce stressorsNational Fish Hatchery on Battle Creek, and
that adversely affect processes, habitats, andFeather River Hatchery are well differentiated
steelhead directly. These programmatic actionsfrom all other samples of steelhead from
address: California Busby et al. 1996; NMtzS 1997).
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Within the broad context of ecosystem restoration, PROGRAMMATIC ACTION: Actions directed to
steelhead restoration will include a wide variety of remediate stream flow deficiencies, water
efforts, many of which are being implemented for temperatures, sediment transport, fish passage,
other ecologicalpurposes, or that are nonspecific and water quality will contribute to maintaining
to steelhead trout. For example, restoration of and increasing lamprey populations in Central
riparian woodlands along the Sacramento River Valley rivers and streams.
between Keswick Dam and Verona will focus on
natural stream meander, flow, and natural ~rloN,~u.~. Lampreys are anadromous species
revegetation/successionalprocesses. These will be that clearly have declined in the Central Valley
extremely important in providing shaded riverine although the extent of the decline has not been
aquatic habitat, woody debris, and other documented. Pacific lamprey probably exist in
necessary habitats required by lower trophic much of the accessible habitat available today but
organisms and juvenile and adult steelhead this is not known. The decline of lampreys is
populations, presumably due to deterioration of their spawning

and rearing habitat, to entrainment in diversions,
Operation of the water storage and conveyance and to other factors affecting fish health in the
systems throughout the Central Valley for their system.
potential ecological benefits can be one of the
more important elements in restoring a wide CALIFORNIA CI.~PPER RAIL (r)
spectrum of ecological resources, including
steelhead trout. Inadequate connectivity between POPUL~ON TARGET: Restore sufficient
upstream holding, spawning, and rearinghabitat saltmarsh habitat to connect and combine
in certain tributary streams has impaired or separated saltmarsh habitat areas that support
reduced the reproductive potential of most California clapper rail populations. This will
steelhead stocks. Providing stream flows, enlarge protected areas and reduce intermarsh
improving fish ladders, and removing dams will distances (~).
contribute greatly to efforts to rebuild steelhead
populations. PROGl:~fl~l~.’i’lC AGTION: Restoring saltmarsh

and tidal emergent wetland habitat would directly
Strategic Plan Priority Group II: benefit the California clapper rail population.
At-risk native species dependent on Reduction in boat wakes which disturb nesting
the Bay-Delta system whose rails would also contribute to recovery.
restoration is not likely to require
large-scale manipulations of Rationale: The primary reason attributable to

ecosystem processes because they have limited the decline in California clapper rail populations
habitat requirements in the estuary and watershed is the extensive loss of its historical salt marsh
(e.g., brackish water plants), habitat to urban, industrial, and agricultural uses

(U.S. Fish and Wildlife Service 1984a).
LAMPREY FAMILY Restoration of large expanses of suitable salt

marsh habitat within the species historical and
POPULaTiON TARGET: Evaluate the status and current range, therefore, will provide habitat area
life history requirements of Pacific lamprey and necessary for populations to expand.
river lamprey in the Central Valleyanddetermine
their use of the Delta and Suisun Bay for
migration, breeding, and rearing (~).

Volume Ih Ecosystem Restoraron Program Plan
Populaffon Targets and Programmarc Ac~ons for Spedes and SpecJes Groups

June 1999

9455
C-019455



CALIFORNIA BLACK RAIL(r) associated with riparian systems adjacent to
suitable foraging habitats (California Department

POPULATION TARGET: Enhance and restore of Fish and Game . 1992). Consequently,
tidal marshes and adjacent perennial grassland improving prey abundance and availability on
habitats in the Delta (~,). agricultural lands adjacent to restored riparian

habitats will provide important elements of the
PROGRAMMATIC ACTION: Restoring tidal specie’s habitat necessary for the population to
marsh habitat would indirectly benefit California expand.
black rail population. Actions to reduce boat wake
disturbance would also contribute to recovery. SUISUN SONG SP/M~ROW (R)

RATIONALE: The primary reason attributable to POPULATION TARGET: Increase the population
the decline in California black railpopulations is of breeding pairs of Suisun song sparrow between
the extensive loss of its historical tidal marsh 70 and 100 percent compared to existing
habitat to urban, industrial, and agricultural uses. population estimates of 6,000 (~).
Restoration of large expanses of suitable tidal
marsh habitat within the species historical and PROGRAMMATIC ACTION: Encourage the
current range, therefore, willprovide habitat area growth of upland vegetation on the upper banks of
necessary for populations to expand, levees to provide upland cover to protect against

predation during high tides and high flows.
SWAINSON’S HAWK (r)

PROGR/M~MATIC ACTION: Establish additional
POPULATION TARGET: Restore nesting density and protect existing dispersal corridors of suitable
to nine nesting pairs per 100 square miles; tidal brackish marsh along the banks of tidal
improve foraging habitat on Delta land; and sloughs.
increase riparian forest and oak woodlands
(~). PROGP,/~,MMA’rlc ACTION: Maintenance

activities should be conducted to minimize
PROGRAMMA’rlc ACTION: Restore riparian disturbance to tidal brackish marsh vegetation and
woodlands and improve wildlife habitat values on should not disturb breeding adults.
agricultural lands.

PROGRAMMATIC AC’nON: Restore tidal habitat
RATIOIt~d.E." Historically, Swainson’s hawk as specified for tidal saline emergent wetland in
foraging habitat consisted of large expanses of appropriate areas with particular emphasis on
open grasslands that supported abundant prey expanding existing fragments of habitat to expand
species. Swainson’s hawks typically nest in the number of known nesting territories in the
riparian forests, small groves of trees, or lone Suisun Marsh by 100 percent.
trees within open habitats. Today, as a result of
conversion of large expanses of historic grassland RATIONALE: The Suisun song sparrow occurs

urban, industrial, and agricultural uses, only in and near Suisun Marsh, in about 13to
agricultural lands are major foraging habitat isolated populations. Populations of this unusual
areas for Swainson’s hawks. Some types of subspecies are declining for a variety of reasons
agriculture, however, are unsuitable because they but mainly the degradation of their habitat.
do not support sufficient prey populations or Reductions in fresh water outflow from the
because prey is unavailable as a result of dense Sacramento-San Joaquin Rivers and diking and
vegetation (e.g., rice and vineyards). Over 85% of channelization of marsh lands have contributed to
nesting territories in the Central Valley are their decline. Restoration of their populations is

~ ~
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I likely to be a good indicator of the success of and current range, therefore, willprovide habitat
restoration of brackish tidal marshes in the Suisun area necessary for populations to expand.

I Marsh area.
SUISUN ORNATE SHREW (R)

ALAMEDA SONG SPARROW (nc)
I POPULATION TARGET: Identify the remaining

POPULATION TARGET: Connect fragmented populations of Suisun ornate shrew and develop a
habitat to increase gene flow between populations, conservation plan to stop the decline of this

I Conduct genetic studies as well as juvenile species (,,).
dispersal studies to determineeffective
management of the species (~,#). PROGRAMMATIC ACTION: Identify all

I remaining populations of Suisun omate shrew and
PROGP~MMATIC ACTION: All Alameda song develop and implement protection/restoration
sparrow populations will have been identified and plans.

I protected from further development and habitat
alteration. Pilot restoration projects will have I~rtot~d.~." The Suisun ornate shrew is a listed
been undertaken to develop protocols for habitat as a species of special concern by the California

I restoration efforts. Department of Fish and Game, but its limited
habitat and distribution indicate it may qualify as

I~rlON, a_l.~: Alameda song sparrows are one of a threatened species. Long-term survival of this

I the species that uses saltmarsh habitat in the south subspecies is dependent upon tidal wetland, as
San Francisco Bay region. By protecting the opposed to diked wetlands, and has to have
saltmarsh habitat not only will this species benefit adequate physical structures and plant

I but the other inhabitants of the marsh ecosystem communities for survival. Its tidal marsh habitat
will also benefit. Restoration of this species would has to have adjacent upland habitat for survival
be a good indicator to the overall health of the of the species during periods when the marsh is

I marsh system, inundated The upland habitat has to have
relatively low densities of exotic predators.

SALT MARSH HARVEST MOUSE (r) Restoring habitat would not only benefit the

i Suisun ornate shrew but other species, such as the
POPULATION TARGET: Increase the existing salt marsh harvest mouse, that also use tidal
population by 100% (~’). marsh and upland marsh habitats.

I PROGRAMMATIC ACTIONS: Restore high tidal SAN PABLO CALIFORNIA VOLE (r)
marsh habitats in proximity to upland habitats in
the Suisun Marsh/North San Francisco Bay POPULATION TARGET: Determine the

i Ecological Management Zone the distribution and taxonomic status of the voleconsistentwith
recovery plan for this species,                      while maintaining existing salt marsh habitat

known to contain populations (,I~,).
IZ£~TlOa6ad.£: The primary reason attributable to
the decline in salt marsh harvest mouse PRoGl~,M~U~TICAeTiON:Undertakewetland

i populations is the extensive loss of its historical restoration projects in and adjacent to known
high tidal salt marsh and adjacent upland habitats populations to increase available habitat.
to urban, industrial, and agricultural uses (~.S.
Fish and Wildlife Service 1984a). Restoration of RATtONAL~ The San Pablo vole is a CaliforniaI expanses Department ofFish and Game Special Concernlarge ofsuitable salt marsh habitat
adjacent to uplands within the species historical species. Although little is known about its

I ~" calm
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distribution, biology, or taxonomy, it appears to ~                  Priority Group III: At-risk species
be a distinct form that is confined to salt marshes l~,~k that primarily live upstream of the
and adjoining grasslands in Centre Costa ~                  estuary or in local watersheds of
County. To limit the decline of the populations San Francisco Bay.
even further, salt marsh and adjoining grassland
habitats in Centre Cosa County need to be
protected and further degradation and loss of SACR/MVIENTO PERCH (r)
habitat halted.

POPULATION TARGL=T: Evaluate the status and
VALLL=~ ELDERBERRY LONGHORN biology of Sacramento perch to determine if

BEETLE (R) restoration of wild populations within its native
is feasible (.).range

POPULATION TARGET: Protect known occupied
habitat and suitable habitat within the suspectedPROGRAMMATIC ACTION: Complete a
historical range of the valley elderberry longhornthorough status review of the Sacramento perch
beetle from loss or degradation (~,). and develop a plan for its long-term preservation

in the Central Valley. Establish at least one
PROGRAMMATIC ACTION: Survey riparian experimental population in the Delta.
vegetation along Central Valley rivers to
determine the presence of additional populationst~ar/O~At.~." The Sacramento perch was once
and protect occupied habitat areas from activitiesone of the most abundant fish in lowland habitats
detrimental to the valley elderberry longhornof the Central Valley. With the exception of a
beetle, small population in Clear Lake, it has been

extirpated from natural habitats within its native
Programmatic actions designed to protect, restore,range due to competition and predation from
and enhance riparian habitats along Central Valleyintroduced centrarchidfishes, such as black bass.
rivers, including elderberry shrubs (the valleyIt would be certainly be formally listed as an
elderberry longhorn beetle’s host plant), willendangered species except that it has been widely
protect existing occupied habitat areas andintroduced into reservoirs, lakes, and ponds
increase the area of suitable habitat within theoutside its native habitats in California and other
species suspected historical range, western states.

RATIONALE: Theprimary reason attributable to RIPARI/M~I BRUSH RABBIT (r)
the decline in numbers and distribution of the
valley elderberry longhorn beetle populations is POPULATION TrudGE’r: Establish five additional
the extensive loss or degradation of its historical populations and increase the population of
riparian habitats in the Central Valley to urban riparian brush rabbits by 200 percent over current
and agricultural uses, and flood control and water estimates so that a census of the riparian brush
supply projects to support those uses (U.S. Fish rabbit population would be two times higher than
and Wildlife Service 1984b). Protection, the current estimate of 213 to 312 individuals
restoration, and enhancement of large expanses of (~).
suitable riparian habitat within the species
historical and current range, therefore, will PROGrt~d~MATIC ACTION: Reestablish 500
protect existing populations from future decline acres of large contiguous areas of riparian forest
and provide habitat area necessary for existing habitat that have dense brushy understories with
populations to expand adjacent upland habitat. These

restored/reestablished riparian forests would have
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adjacent upland habitat with sufficient cover.SAN JOAQUIN VALLEY WOODRAT
Establish five additional populations elsewhere (r)
within the historic range of the riparian brush
rabbit; each population should have a self-PoPu~’nON TARGET: Increase the population
sustaining populations with a minimum of 250sizes along the San Joaquin River in Stanislaus,
individuals each. Maintain and establishMereed, and San Joaquin Counties to the point
connectivity between key habitats, where the woodrat will no longer be regarded as

threatened (,,).
PROGR/M~M~TIC ACTION: Prohibit ground
cover and litter removal to allow for dense brushyPRO6RAMM~TIC ACTION: Actions to protect
and herbaceous areas of a minimum size of 550and restore riparian brush rabbit habitat at Caswell
square yards within the riparian forest. Memorial State Park where the only known San

Joaquin valley woodrat population occurs and
PRO6R~MM~TIC ACTION: More closely actions that will restore and protect riparian
approximate the natural hydrological regimehabitat along the San Joaquin River and its
which allows for establishment and maintenancetributaries within the species current and historical
of mature riparian forest habitat. Additionally,range will benefit this species.
encourage growth of wild rose, coyote bush,
blackberries, elderberries, wild grape, box elder, t~a~ON~.~: Theprimary reason attributable to
valley oak, and cottonwoods to provide habitat, the decline in numbers and distribution of the San

Joaquin Valley woodrat populations is the
PROGRAMMATIC ACTION: Provide high extensive loss and fragmentation of its historical
ground adjacent to current and expanded habitatriparian habitats in the San doaquin Valley urban
with cover for protection from floods. Existingand agricultural uses, and flood control and water
flood control levees adjacent to the Park could besupply projects to support those uses (U.S. Fish
utilized for this escape habitat in this area toand Wildlife Service 1997).    Protection,
provide sufficient vegetative growth of grasses,restoration, and enhancement of large expanses of
forbs, and shrubs to lower predation pressuresuitable riparian habitat within the species
during these times, historical and current range, therefore, will

protect existing populations from future decline
PRO6R~d~TIC ACTION: Provide fire breaks and provide habitat area necessary for existing
around current and expanded habitat to protectpopulations to expand
habitat destruction due to wildfire and control
feral cat and dog population with yearly control GREATER SANDHILLCRANE (r)
efforts within and adjacent to the Park. Prohibit
dogs within Caswell Memorial State Park. POOUL~’rION T,a, R6Lrr: Establish two new

suitable roosting habitat areas in the Delta;
I~TlON, a.t.~. Protection and restoration of enhance foraging habitat on agricultural lands;
existing occupied riparian brush rabbit habitatat restore perennial grasslands in the East Delta
Caswell Memorial State Park and actions to Ecological ManagementUnit, and restore
reduce the probability for mortality as a result of seasonally managed nontidal marshes in the East
flooding, fire, and predation are major objectives Delta Ecological Management Unit (,~).
of the species recovery plan (U.S. Fish and
Wildlife Service 1997). PROGRAMMATIC ACTIONS: Restoring nontidal

emergent wetland, perennial grasslands, seasonal
wetlands, and agricultural foraging habitat would
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indirectly benefit the greater sandhill cranewintering grounds.    Improved habitat for
population, songbirds also provides habitat for many other

species of animals and plants.
R~TtONAL£: Suitable shallow-water roosting
habitat used by greater sandhill cranes during WESTERN LEAST BITTERN (r)
winter in the Delta is limited. Restoration and
management of seasonal wetlands specifically to POPULATION TARGt=T: Develop wintering
provide suitable roosting habitat free from habitat for least bitterns by creating "no
disturbance near suitable foraging habitats will disturbance" refuges along the central corridor of
increase the areaofavailableroostinghabitatand the Central Valley and Delta for all shore and
may improve distribution of wintering cranes, wading birds (,,).
Increases in food availability and abundance on
agricultural lands will also be likely to improve PROGRAMMATIC ACTION: Conduct athorough
distribution and winter survival of cranes in the review of the status and habitat requirements of
Delta. western least bittern. Establish "no disturbance"

refuges to protect wintering habitat of bitterns and
CAJ.IFORNIAYELLOW WARBLER (r) other wading and shore birds from human

disturbance.
POPULATION TARGET: Increase breeding
populations and develop restoration projects that17~TtOm, od.~.. The western least bittern, a
will benefit migrating individuals (~,). California Department ofFish and Game Species

of Special Concern nests in emergent wetlands of
PROGRAMMATIC ACTION: Actions to protect cattails and tules in the upper and lower reaches
and restore riparian habitats used by the Californiaof the Central Valley and winters in marshlands
yellow warbler will increase the quantity andalong the main rivers and in the Delta. Least
quality of habitat for this species, bitterns were apparently once a common

wintering bird in the Central Valley but are now
I~I TIONAg.~: Neotropical migratory birds scarce. The loss of wintering habitat as a result of
constitute a diverse group of largely passerine channelization and reclamation of marsh lands
songbirds that overwinter in the tropics but breed along the major rivers and Delta has been a major
in or migrate through the Central Valley and Bay- factor in their decline.
Delta region. As a group, they are in decline
because of loss of habitat on their breeding LEAST BELL’S VIREO (r)
grounds, in their migratory corridors, and in their
wintering grounds. The specieswithinthisgroup POPULATION TARGET: Recover least Bell’s
are good indicators of habitat quality and vireo populations to the point where it can be
diversity and their popularity with birders means removed from state and federal endangered
that populations are tracked and have high public species lists (.).
interest. They can also be good indicators of
contaminant levels, by monitoring reproductive PROGRAMMATIC Ac’rtoN: Actions to protect
success and survival in areas near sources of and restore suitable riparian habitat within the
contamination. Riparian forests are particularly historical range of the least Bell’s vireo in the
important to this group because they are major Central Valley will increase the quantity and
migration corridors and breeding habitat for quality of suitable habitat available to
many species. By providing improved nesting and accommodate the potential future expansion of the
migratory habitat, it may be possible to partially species current range.
compensate for increased mortality rates in the

~ oa~
Volume II: Ecosystem Restoration Program Plan

~t.OZLT/t Population Targets and Programmatic Actions for Species and Species Groups
June 199930

C--019460
(3-019460



I RAT/ONALE.’A majorreasonattributabletothe DepartmentofFishandGame 1992). Protection,
extirpation of the least Bell’s vireo from its restoration, and enhancement oflarge expanses of

I historical range in the Central Valley is the suitable riparian habitat within the species
extensive loss and fragmentation of its historical historical and current range, therefore, will
riparian habitats to urban and agricultural uses, protect existing populations from future decline

I andflood control and water supply projects to and provide habitat area necessary for existing
support those uses (U.S. Fish and Wildlife Service populations to expand.
1998). Protection, restoration, and enhancement

I of large expanses of suitable riparian habitat B/M~iK SWALLOW (r)
within the species historical range is an objective
of the least Bell’s vireo recovery plan (U.S. Fish POPULATION TARGL~r: Protect existing nesting

I and Wildlife Service 1998)and will provide colonies and the ecological processes that
habitat area necessary for existing populations to contribute to the formation and maintenance of
expand, vertical stream banks (~).

I WESTERN YELLOW-BILLED (r) PROGRAMMATIC ACTIONS: No actions in the
CUCKOO Sacramento River Ecological Management Zone

I have been designed specifically to restore bank
POPU~a,~ON T,~’~Gm’: Improve riparian forest swallows or their habitat. However, this species
habitat in the Delta (~). will directly benefit from actions in this zone to

i increase the areal extent and distribution of
PROGRAMMATIC ACTIONS-" Improve and riparian and riverine aquatic habitats, stream
restore riparian forest habitat, channel corridor, natural flood and floodplain

i processes, and natural sediment supply (see
T,a, RGET’- Protect existing large patchesand implementation objective, targets, and
restore suitable mature, dense willow-cottonwood programmatic actions that address riparian and
riparian forests used by nesting cuckoos (~). riverine aquatic habitats, stream channel corridor,

natural flood and floodplain processes, and natural
PROGRAMM.~TlC ACTION: The primary focus sediment supply).
area for restoration of the yellow-billed cuckoo isI the Delta. No actions in the Sacramento RATIONALE: The decline in numbers andRiver
Ecological Management Zone have been designed distribution of bank swallow populations is
specifically to restore yellow-billed cuckoos or attributable to the loss of the natural depositional

I their habitat. However, this will and erosionalprocesses of rivers that create andspecies directly
benefit from actions in this zone to increase the sustain the types of channel bank nesting
areal extent and distribution of riparian and substrates required by the species largely as a
riverine aquatic habitats (see implementation result offloodcontrolprojectsthathave impeded
objective, targets, and programmatic actions that the ability of rivers to erode their banks
address riparian and riverine aquatic habitat). (California Department offish and Game 1992).

I Restoration of the ability of channels of major
tT~rlOlga_t~: The primary reason attributable to rivers in the Central Valley to erode their banks
the decline in numbers and distribution of the will increase the availability of suitable nesting

I western yellow-billed cuckoo is the extensive loss habitat, providing the additional habitat area
or degradation of its historical riparian forest necessary for existingpopulations to expand.
habitats in the Central Valley to urban and

I agricultural uses, and flood control and water
supply projects to support those uses (California
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LITTLE WILLOW FLYCATCHER (r) marsh habitat where there are pools and sloughs
that exist year round to provide the frogs and

POPULATION TARGET: Establish enough invertebrates on which they feed. This snake
self-sustaining populations of little willow survives today because small numbers live in rice
flycatcher so that the species can be removed from fields and along irrigation ditches. Survival of the
the state list of endangered species (~,). species, however, is likely to depend upon

increasing its natural habitat through marsh
PROGa/M~IMATIC ACTION." Actions to protect restoration combined with special protection
and restore suitable riparian habitat within the measures on the agricultural land it currently
historical breeding range of the little willow inhabits.
flycatcher in the Central Valley will increase the
quantity and quality of suitable habitat available to CALIFORNIA RED-LEGGED FROG (r)
accommodate the potential future expansion of the
species current range. 0OPUL~TION TARGET: Create viable, self-

sustaining populations of red-legged frog while
R~rtot~t.£. A major reason attributable to the enhancing existing and restored aquatic habitats
extirpation of the little willow flycatcher as a for other native species (,).
breeding species from its historical range in the
Central Valley is the extensive loss and PROGRAMMATIC ACTION 1A:    Develop
fragmentation of its historical riparian habitats to watershed management plans to protect riparian
urban and agricultural uses, and flood control and wetland areas occupied by red-legged frogs.
and water supply projects to support those uses
(Zeiner et al. 1990, California. Department of TARGL~I’: Manage restored aquatic and wetland
Fish and Game 1992). Consequently, the habitat to minimize predation on red-legged frog
protection, restoration, and enhancement of large by non-native fish, bullfrogs, and crayfish (¯).
expanses of suitable riparian habitat within the
species historical range will provide habitat area PROGRAMMATIC ACTION: Reduce exotic
necessary for existing populations to expand predators such as bullfrogs, black bass, sunfish,

and crayfish and restore habitat by creating canals,
GIANT GARTER SNAKE (r) side channels, and backflow pools containing

emergent vegetation.    Provide the critical
POPULATION TAaG~-r: Maintain present components of reproductive, forage and escape
populations with no further declines in size by cover.
ensuring that waterways known to being used by
giant garter snakes have water in them year round I~rtONAt~." Red-legged frogs are virtually
( ~ ). extinct in the region, with just a handful of tenuous

populations remaining in the Central Valley and
OaoGaAM~TIC ACTION: Maintain existing bay region (none near the estuary). Their inability
natural habitats that have available water all year to recover from a presumed major population
and identify key habitats in agricultural areas for crash in the 19th century (due to overexplo#ation)
special management, has been the result of a combination of factors (in

approximate order of importance): (1) predation
FItITtOI~IAL~: The giant garter snake is listed by and competition from introduced bullfrogs and
both state and federal governments as a fishes; (2) habitat loss, (’3) pesticides and other
threatened species. Most of the original giant toxins, (4) disease, and (5) other factors. Because
garter snake habitat, freshwater marshes, has of the poor condition of the few remaining frog
been lost to agriculture. This snake resides in populations and the continued existence of major
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causes of their decline, this objective may not be which they can over-summer. Patches of suitable
achievable in either the short or long term. habitats are naturally somewhat isolated from one

I another, promoting genetic diversity within the
CALIFORNIA TIGER SALAMANDER species which presumably reflects adaptations to

(m) local conditions. Long-term survival of these

I diverse populations depends on numerous
POPUL,a, TION T~G~:T: Increase populations of protected areas containing both breeding ponds

tiger salamanders by increasing natural floodand upland habitats.

I plains, stream meander, seasonal pools, and
perennial grasslands (e). WESTERN POND TURTLE (m)

I PROGRAMMATIC ACTIONS: The California
POPULATION TARG~r: Determine the status

tiger salamander will benefit indirectly fromand habitat requirements of pond turtles

restoration of natural flood plains. A regulatedthroughout the region and develop a conservation

management grazing program could benefit vernalstrategy in concert with habitat protection

pool habitats that support these species. Mowingmeasures (.~).

and cattle grazing should be minimized near

I seasonal wetlands utilized by either species fromPROGRAMMATIC ACTION: Locate and protect

October to March. Reduce mortality from vehicle populations of turtles that appear to still have

deaths, especially during the brief window whensuccessful reproduction. Causes of the decline
salamanders      should be determined and a recovery plantiger are migratingby locating

restored habitat in areas well removed fromdeveloped based on the findings.

regular vehicle traffic. Fumigants to control
rodents should be used only from October to

~ON, a.t.~ The western pond turtle is the only

March in known occupied habitats since rodentturtle native to the Central Valley region and to
much of the western United States. Althoughburrows are required during the summer.

i Draining pertinent water ways during the nativeconsidered to be just one widely distributed

species’ dormant season could result in aspecies, it is likely that the pond turtle is a

reduction in populations of large, introduced,complex of closely related species, each adapted

predatory fish and bullfrogs, for a different region. The Pacificpond turtle is
still common enough in the Bay-Delta watershed
so that it is not di~cult to find them in habitatsRestore at least five core areas of suitable habitat,

I each consisting of about 500 acres in each of theranging from sloughs of the Delta and Suisun

North, East, andSouth Delta Ecological Marsh to pools in small streams. The problem is
that most individuals seen are large, oMManagement Units.
individuals; hatchlings and small turtles are

PFIO6P,~dVII~ATIC ACTIONS: Enhance existing increasingly rare. The causes of the poor

poor habitats and restore new habitats in historicalreproductive success are not well understood but

wetlands, grasslands, and upland areas, factors that need to be considered include

I elimination of suitable breeding sites, predation

RATIONAl.E: ,California tiger salamander on hatchlings by non-native predators (e.g.,

populations are disappearing rapidly in the Bay- largemouth bass, bullfrogs), predation on eggs by

i Delta watershed because of habitat alteration,
non-native wild pigs, diseases introduced by

especially urban development, and introductions non-native turtles, and shortage of safe upland

of non-native fishes into their breeding ponds, over-wintering refuges.    If present trends

I They require fish-free breeding ponds next to continue, the western pond turtle will deserve

upland habitat containing rodent burrows in listing as a threatened species (it mayalready).

I
~ ~
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DELTA GREEN GROUND BEETLE (r) PROGRAMMATIC ACTION: Protect and restore
habitat required by the California freshwater

POPUI.~TION TARGET: Expand the existing shrimp including low elevation, low gradient
population of Delta green ground beetle and perennial freshwater streams or intermittent
establish additional populations to remove it from streams with perennial pool where banks are
the Federal threatened species list (..). structurally diverse with undercut banks, exposed

roots, overhanging woody debris, or overhanging
PROGRAMMATIC    ACTIONS:    Increase vegetation.
populations of Delta Green Ground Beetle by
establishing and securing habitat to support three RA~’/ONALE." The recovery objectives for
additional viable and self-sustaining colonies of California freshwater shrimp are: (1) to recover
the Delta green ground beetle and maintain the and delist the shrimp when viable, self-sustaining
existing populations, populations and their habitat are secured an

managed within all watershed harboring shrimp,
RATIONALE." The Delta green ground beetle is and (2) to enhance habitat conditions for aquatic
federally listed as a threatened species that is organisms that currently coexist or have occurred
currently known only from Jepson Prairie historically with the California freshwater shrimp.
Preserve (Solano County). Habitat requirements 1
for this species are not clearly understood but the Downlisting from endangered to threatened will ¯
beetles seem to require open places near vernal be considered when: (1) a water"shed plan has
pools. A better knowledge would help restoration been implemented for each of four drainage units, ¯
efforts. (2) long-term protection is assured for at least one

shrimp stream in each of the four drainage units,

LANGE’S METAl.MARK BUTTERFLY and (3) the abundance of California freshwater ¯
{R) shrimp increases to over 2,000 individuals per

stream in each of 16 streams harboring shrimp.

POPULATION TARGET: Create multiple ¯
populations of Lange’s metalmark butterfly within Delisting of California freshwater shrimp will be |
the Antioch Dunes region (,~). considered when: (1) a watershed plan has been

implemented for each of four drainage units, (2)

PROGt~a.MMATIC ACTION: Actions for long-term protection is assured for at least eight

protecting and restoring inland dune scrub habitat shrimp stream with at least one in each of the four

occupied by the Lange’s metalmark at the Antioch drainage units, (3) populations of California

Dunes will benefit this species, freshwater shrimp maintain stable or increasing |populations of at least 2, 000 individuals for at

RArtOmAt.~. Protection and restoration of least 10 years in each of 16 streams harboring

Lange’s metalmark habitat at the Antioch Dunes shrimp, and (4) at least 50 percent of shrimp-
H

is a major objective of the species recovery plan bearing streams have shrimp distributed over 8

(7£.S. Fish and Wildlife Service 1984c). kilometers (5 miles) or more (U.S. Fish and
Wildlife Service 1997b).

CALIFORNIA FRESHWATER SHRIMP

POPULATION TARGET: Maintain California
freshwater shrimp population abundance and ¯
distribution consistent with the recovery plan (~). |

~ ~
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I Strategic Plan Priority Group IV: it~lT/Oltl~l£E." Waterfowl resources will be
Native species in the estuary and enhanced by protecting existing and restoring

I ,~ watershed not yet at risk of additional seasonal, permanent, and tidal
extinction that have the potential to wetlands, lmproved management of agricultural
achieve that status if steps are not lands using wildlife friendly methods will
taken to reverse their declines or contribute to sustaining waterfowl resources in
keep populations at present levels, the Bay-Delta. The focus for seasonal wetlands

should be in areas that may be too deep for tidal

i NATIVE RESIDENT FISHES (nc) marsh restoration over the next 20 years. In
concert with efforts to reduce or reverse

POPULATION TARGET: Meet the goals of the subsidence, selected areas or islands would be

I Native Fish Recovery Plan (US Fish and Wildlife managed as waterfowl habitat. Besides
Service 1996), which include improving habitat ofincreasing waterfowl resources, efforts to sustain
native fishes and restoring the population ofwaterfowl and their habitat will help offset some
Sacramento perch (~). of the effects of converting agricultural or

seasonal wetlands to tidal action when such
PROGRAMMATIC ACTION: Restoration of actions may reduce the value of an area to

I native resident species will come indirectly fromwaterfowl such as white-frontedgeese or mallard
increasing March to May Delta inflow andEfforts should also be focused on improving
outflow; improving Delta channel hydraulics;waterfowl nesting success by improving nesting

I improving the Delta aquatic foodweb; improvingand brood habitat. Improving waterfowl
aquatic, wetland, and riparian habitats; andpopulations will be done in a manner that reduces
reducing stressors including effects of waterconflict with broader ecosystem restoration goals
diversions and contaminants, or with goals to recover endangered species. For

example: Flooding of rice fields for waterfowl in
RATIONALE: The Central Valley has a native late winter may require water needed by

I residentfishfauna that is largely endemic to the migratory salmon. Careful management of the
region. Some species are extinct (thicktail chub) amount and timing of those diversions and the
or nearly extinct (Sacramento perch) in the wild. manner in which the diversions occur (e.g.
While some native species (e.g., Sacramentothrough screened diversions) can help reduce

I pikeminnow [squawfish], Sacramento sucker) are areasconflicts. Managementofwaterfowl will
clearly thriving under altered conditions, others occur using management strategies developed for
are not (e.g., hitch, Sacramento blackfish, existing and new waterfowl areas that provide
hardhead). There is a need to determine if some benefitsto at-riskspecies.
have unique problems or requirements that will
prevent them from responding to general habitat SHOREBIRD GUILD (nc)

I           improvements.
POPULATION TARGET: Improve populations

WATERFOWL (nc)                and distribution of shorebirds birds (~).!
POPULATION TARGET: Improve populations PROGRAMMATIC ACTIONS." Shorebirds and
and distributionofwaterfowl(~4Q, wading birds will indirectly benefit from

I restoration of wetlands and tidal and nontidal
PROGRAMMATIC ACTIONS: Waterfowl will perennial aquatic habitat (ponds and lakes).
indirectly benefit from restoration of sloughs,

I marshes, riparian, and tidal and nontidal pondsRATION~aJ.£." Loss and degradation of wetland
and lakes, and aquatic habitats used by wintering and

I
~ c~
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migrant shorebirds in the Central Valley is a ¯ protect nesting habitats from predators and
factor limiting populations of these species, human disturbance.
Large-scale restorations of these habitats will
increase the available foraging habitat area to I:bartotq~_~E,- Neotropical migratory birds
better accommodate existing populations and constitute a diverse group of largely passerine
potential future expansions of shorebird songbirds that overwinter in the tropics but breed
populations, in or migrate through the Central Valley and

Bay-Delta region. As a group, they are in decline
WADING BIRD GUILD (nc) because of loss of habitat on their breeding

grounds, in their migratory corridors, and in their
POPULATION TARGET: Improve populations wintering grounds. The species within this group
and distributionofwadingbirds(~.), are good indicators of habitat quality and

diversity and their popularity with birders means
PROGRAMMATIC ACTION: Wading birds will that populations are tracked and have high public
indirectly benefit from restoration of wetlands, interest. They can also be good indicators of
tidal and nontidal perennial aquatic habitat (ponds contaminant levels, by monitoring reproductive
and lakes), and riparian habitat, success and survival in areas near sources of

contamination. Riparian forests are particularly
RAT/ONAL~." Substantial loss and degradation of important to this group because they are major
aquatic, wetland and riparian habitats used by migration corridors and breeding habitat for
wintering and resident wading birds in the Central many species. By providing improved nesting and
Valley is a factor limiting populations of these migratory habitat, it may be possible to partially
species. Large-scale restorations of these habitats compensate for increased mortality rates in the
will increase the available foraging, roosting, and wintering grounds.
nesting habitat area to better accommodate
existing populations and future potential WESTERN SP/ld~l=F:OO’r {rn}
expansions of wading bird populations.

POPULATION TARGET: Identify and protect
NEOTROPICAL MIGRATORY BIRDS remaining spadefoot toad populations in the Bay-

(nc) Delta watershed (’).

POPULATION TARGET: Increase the abundance PROGRAMMA’rlc Ac’rtON: Conduct a thorough
and distribution of neotropical migratory birds in survey of spadefoot toad populations in the Bay-
the Central Valley (~). Delta watershed and take actions to protect

remaining populations in counties bordering the
PROGRAMMATIC ACTIONS: The following Bay-Delta system.
types of general programmatic actions will assist
in meeting the target for neotropical migratory RAT/ONAL~. Spadefoot toad populations are
birds: disappearing rapidly in the Bay-Delta watershed

because of habitat alteration, especially urban
¯ increase wetland, riparian, grassland, and development, and introductions of non-native

agricultural habitats, fishes into their breeding ponds. They require
¯ improve watershed health, fish-free breedingponds next to upland habitat in
¯ improve specific nesting habitats for which they can burrow for over summering. These

individual species within their existing and habitats are naturally somewhat isolated from one
restored habitats, and another, promoting genetic diversity within the

species which presumably reflects adaptations to
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I
local habitat conditions. Long-term survival of
spadefoot toad populations depends on protected ~ Strategic Plan Harvested Species

I areas containing both breedingponds and upland
habitats. "

I BAY-DELTA FOODWEB WHITE STURGEON (nc)
ORGANISMS (nc)

POPULATION TARGET: Meet Native Fish

I POPULATION TARGET: Increase populations Recovery Plan goals (U.S. Fish and Wildlife
and distribution of important foodweb organismsService 1996), which include 100,000 white
in Delta channels and reduce competition withsturgeon and 2,000 green sturgeon greater than

I invasive non-native species (,,). 100 centimeters long as measured in the DFG
mark-recapture program (,~).

PROGR/M~MATIC ACTION: Actions in the

I Sacramento-San Joaquin Delta EcologicalPROGRAMMATIC ACTIONS: Sturgeon restor-
Management Zone that will contribute to reachingation will come indirectly from increasing March
the target for Bay-Delta aquatic foodweb to May Delta inflow and outflow, improving Delta

I organisms include improvements to ecologicalchannel hydraulics and the Delta aquatic foodweb,
processes such as Central Valley streamflows,and reducing stressors, including effects of water
natural floodplain and flood processes, and Deltadiversions and contaminants.

I channel hydraulics; improving habitats such as
tidal perennial aquatic habitat, Delta sloughs, andtT~aT"tOtV, a.L~: White sturgeon represent an
fresh emergent wetland habitat; and the reductionunusual situation: a success story in the
or elimination of the adverse effects of stressorsmanagement of the fishery for a native species.
such as water diversion, dredging and sedimentNumbers of sturgeon today are probably nearly as
disposal, invasive aquatic plants, invasive aquatichigh as they were in the nineteenth century before

i organisms, and contaminants, they were devastated by commercialfisheries. The
longevity and high fecundity of the sturgeon,

RA TlOm, a,L~: The population target is quite likely combined with good management practices of the
impossible to achieve because recent invading California Department offish and Game, have

I species, from the Asiatic clam to various allowedit to sustain a substantialfishery since the
crustacean zooplankters, will continue to play 1950s, without a major decline in numbers.
major ecological roles in the system, to the Numbers of white sturgeon couldpresumably beI detriment of native organisms. However, at       increased if Joaquin once againthe lhe San River
very least it is possible to stop further contained suitable habitat for spawning and
introductions of non-native species which have the rearing.
potential to further change the system
unpredictably. This target is also a call to develop STRIPED BASS (nc)
a thorough understanding of the planktonic
portion of the Bay-Delta system to predict and TARGET: Restore the adultPOPULATION
understand the impacts of large-scale ecosystem population (greater than 18 inches total length) to
alteration projects on the plankton. 1.1 million fish within the next 10 years. In

I addition, all measures will be taken to assure that
striped bass restoration efforts do not interfere
with the recovery of threatened and endangered

I                                                        species species special concernand other of

covered under public trust responsibilities (e~).

I
~ c_Jo.m~
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PROGRAMMATIC ACTION: Restoring striped native species, additionalmanagementmeasures
bass will come indirectly from increasing Marchmay be required to keep bass numbers below the
to May Delta inflow and outflow; improving Delta level thatpose a threat to native species.
channel hydraulics; improving the Delta aquatic
foodweb; increasing shallow water, riparian, and .~gVIERICAN SHAD (nc)
wetland habitats in the Delta; and reducing
stressors including effects of water diversions andPOPULATION TARGET: The target for American
contaminants.To meet target population level mayshad is to maintain production of young as
require, at least in the short-term, supplementingmeasured in the fall midwater trawl survey and
young production through artificial rearing andtargets of the Anadromous Fish Restoration
stocking of young striped bass salvaged at southProgram (US Fish and Wildlife Service 1997, in
Delta fish facilities or raised in hatcheries, preparation). Specifically, the index of young

American shad production should increase,
TARGET: Maintain an adult population of 3.0 especially in dry water years (.).
million adult fish (,).

PROGRAMMATIC    ACTION: Restoring
PROG~MATICAeTION: Achievingthe target American shad populations will come indirectly
population of 3.0 million adult striped bass willfrom increasing March to May Delta inflow and
require restoration actions in the San Joaquinoutflow, improving Delta channel hydraulics,
River, Sacramento-San Joaquin Delta, andimproving the Delta aquatic foodweb, and
Sacramento River Ecological Management Zones.reducing stressors, including the effects of water
Within the Sacramento River Ecologicaldiversions and contaminants.
Management Zone, proposed programmatic
actions for Central Valley stream temperatures,TARGET: Maintain a 25-year average index of
Central Valley stream flow, and water diversionsabundance equal to the 1967 through 1976 fall
will contribute to restoration of striped bass. midwater trawl index (~).

striped bass is a non-native PROGRAMMATIC ACTION." Actions in theRATIONALE:
species that is a favorite sport fish in the estuary. Sacramento River Ecological Management Zone
It is also the most abundant and voracious have been designed specifically to restore
piscivorus fish in the system and it has the American shad and its habitat. This species will
potential to limit the recovery of native species, directly benefit from actions in this zone to
such aschinooksalmonandsteelhead. Therefore, increase the areal extent and distribution of
the managementforstripedbassmustjugglethe riparian and riverine aquatic habitats (See
objectives of providing opportunities for harvest implementation objective, targets, and
while notjeopardizingrecovery of native species, programmatic actions that address riparian and
An appropriate policy may be to allow striped riverine aquatic habitat.) Additional programmatic
bass to increase in numbers as estuarine actions that will contribute to restoration of
conditions permit but not to take any American shad are proposed for the Feather
extraordinary measures to enhance its River/Sutter Basin, American River Basin, San
populations, especially artificial propagation. Joaquin River, and Sacramento-San Joaquin Delta
Artificially reared bass have the potential to Ecological Management Zones.
depress not only native fish populations but also
populations of wiM striped bass, because larger RATIONAl.E: The American shad is a non-native
juveniles (ofhatchery origin) mayprey on smaller species that is an important sport fish in the
juveniles (of wild origin). If increases in bass estuary and its spawning streams, although less
numbers appear to adversely affect recovery of seems to be known about its life history in the
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I
estuary than any other major game fish. It is a fishes, although some (’e.g., white catfish) have
common planktivoreandoccasionalpiscivorein remarkably slow growth rates, indicating

I the system and it may have the potential to limit vulnerability to overexploitation. Thefishes and
the recovery of native species, such as chinook the fishers are always going to be part of the
salmon. Therefore, the management for American lowland environment and deserve support of the

I shad must juggle the objectives of providing management agencies. However, habitat
opportunities for harvest without jeopardizing improvements that favor native fishes, especially
recovery of native species. An appropriatepolicy improvements that increase flows or decrease

I may be to allow American shad to increase in summer temperatures, may not favor these game
numbers as estuarine conditions permit but not to fishes. The effects of the various CALFED actions
take any extraordinary measures to enhance its on these fish and fisheries need to be understood,

I populations, especiallyflow releases specifically as do the interactions among the non-native fishes
to favor shad reproduction. If increases in shad and the native fish CALFED is trying to protect.
numbers appear to .adversely affect recovery of

I native species, additibnal management measures PAelF:Ie HEFIFIIN6
may be required to keep shad numbers below the
level that pose a threat to native species. POPULATION T,ad~GET: Increase abundance of

I marine/estuarine fish and large invertebrates,
NON-NATIVE WARMWATER particularly in dry years (~).

GAMEFISH (nc)

I PROGRAMMATIC ~,CTIONS:General
POPULa,TION T,a, RGET: Increase our knowledge programmatic actions that will contribute to the
about warmwater sport fishes in the Delta, Suisun target include improving winter/spring Delta
Marsh, riverine backwaters, and elsewhere to find outflow, restoring tidal wetland habitat, improving
out their interactions with native fishes, limiting the aquatic foodweb, reducing losses of larvae and
factors, and their contaminant loads (for both fish juvenile marine/estuarine fishes at water

I and human health)(.~), diversions in the Bay and Delta, limiting the
introductions of non-native species, and reducing

PROGRAMMATIC ACTION: Conduct studies to the input of toxic substances into Central Valley

I find out how major CALFED actions are likely to waterways.
affect the warmwater fish and fisheries and how
the fishes affect the recovery of native at-risk 17~TION, aJ.E: Pacific herring support the most

i species. In particular, the potential of the valuable commercial fishery in San Francisco
non-native fishes to use and dominate newly Bay. This seasonal, Iimited-entryfisheryfocuses
created warmwater habitat will havebeen on spawning fish, for the fish themselves, their
thoroughly investigated, roe, and kazunoko kombu (herring eggs on eel

I grass), seems to an example of successfulIt be
P~lrlot~ad.~: White catfish, channel catfish, fishery management because it has been able to
brown and black bullhead, largemouth bass, and sustain itself through a series of years with highly

i sunfishes are among most common ocean importantvarious the variable bayconditions. An
fishes caught in the sport fishery in the Delta, connection to the ERP is that highest survival of
Suisun Marsh, riverine backwaters, reservoirs, herring embryos (which are attached to eel grassI and other lowland waters. Although this is and other substrates) occurs duringfishery yearsofhigh
poorly documented, it is probably the largest sport outflow during the spawning period; the
fishery in central California in terms of people developing fish seem to require a relatively

I engaged in it and in terms of numbers offish low-salinity environment. There is also some
caught. There is no sign of overexploitation of the indication thatpopulations have been lower since

I
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the invasion of the Asiatic clam into the estuary, FIATIONALE: The signal crayfish is an introduced
with the subsequent reduction in planktonic food species that supports a small commercial fishery,
organisms. Given the frequent collapse of as well as a recreational fishery, in the Delta. It
commercial fisheries (including those for herring) has been established in the Delta for nearly a
in the modern world, it is best to manage this century and appears to be integrated into the
fishery very cautiously to make sure it can Bay-Delta system, appearing as a major food item
continue indefinitely, for otters and some fish. The signal crayfish has

fairly high water quality requirements so its
GRASS SHRIMP (nc) populations will presumably increase as water

quality in the freshwater portions of the Delta
POPULATION TARGET: Maintain grass shrimp improves. Its role in the ecosystem and the effects
populations at present levels as a minimum to of the fishery on that role need to be investigated.
support the existing commercial fisheries.
Determine factors regulating their populations in UPLAND GAME
order to discover if the fisheries conflict with
other ecosystem restoration objectives (~,~). POPULATION TARGET: Increase the populations

and distribution of upland game (,~).
PROGRAMMATIC ACTION: Conduct an
investigation of the ecological role and PROG~a~Tle Ae’noN: Upland game will
requirements of the shrimp species and the effects indirectly benefit from restoration of wetlands,
of the fishery to find out if any special perennial grasslands, riparian, and improved
management for either is needed, management of agricultural lands in the Delta.

R,~T/ON~d.~: Grass shrimp are a mixture of PROGPa~II~I~TIC ACTION: Provide high
native and introduced species that support a small ground adjacent to current and expanded habitat
commercialfishery in San Francisco Bay, largely with cover for protection from floods. Existing
for bait. The relative abundance of the various flood control levees adjacent to agricultural lands
species as well as their total abundance appears could be utilized for this escape habitat in this area
to be tied in part to outflow patterns. It is likely to provide sufficient vegetative growth of grasses,
that these abundant shrimp are important in forbs, and shrubs to lower predation pressure
Bay-Delta food webs leading to many other during these times and when adjacent lands are
species of interest. The role of these shrimp in the fallow.
Bay-Delta system and the effects of the fishery on
that role need to be investigated. ~rtOtV~t.E: Upland game are supported by

diverse agricultural and upland habitats. The key
SIGNAL CRAYFISH (nc) to maintaining these species is by maintaining the

habitats upon which they depend
POPULATION TARGET: Maintain signal crayfish
populations at present levels, in order to support
the existing fisheries (,~).

PROGRAMMATIC ACTION: Conduct an
investigation of the ecological requirements of the
crayfish and the effects of the fishery to find out if
any special management for either is needed.

~ ~
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N          Table 2. Ecological Management Zones in which programmatic actions are proposed that will assist
in the recovery of species and species groups.

N
Species and                          Ecological Management Zone~

N
Species Group

Visions 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Delta Smelt ¯ ¯

I Longfin Smelt ¯ ¯ ¯

n Green Sturgeon ¯ ¯ ¯ ¯

Sacramento ¯ ¯ ¯ ¯ ¯ ¯ ¯

I Splittail

Winter-run
¯ ¯    ¯    ¯    ¯          ¯    ¯    ¯    ¯    ¯    ¯    ¯

Chinook Salmon

N Spring-run ¯ ¯ ¯ ¯ ¯ ¯
Chinook Salmon

I Fall-run Chinook
Salmon (including ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ’ ¯ ¯

late-fall-run)

I Steelhead Trout ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

i Califomia

n Clapper Rail

California Black
Rail

I Swainson’s
Hawk

I Song ¯Suisun
Sparrow

N Alameda Song
Sparrow

n Salt Marsh ¯
Harvest Mouse

Suisun Ornaten Shrew
¯

n-
~ ~
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1
Table 2. Ecological Management Zones in which programmatic actions are proposed that will ¯

assist in the recovery of species and species groups (continued).

Species and Ecological Management Zone
Species Group

Visions 1 2 3 4 5 6 7 8 9 10 11 12 13 14
N
n

San Pablo
California Vole                                                                                        I

Plant Species

Valley I
Elderberry ¯ ¯ ¯ ¯ ¯
Longhorn Beetle

!
Riparian Brush
Rabbit

ISan Joaquin ¯ ¯
Valley Woodrat

U
Sacramento ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Perch

Greater Sandhill ¯ NCrane

WesternYellow-
Billed Cuckoo

Bank Swallow ¯

Western Least
Bittern

Vireo

Yellow Warbler

Little Willow
Flycatcher

GiantGarter
Snake

California Tiger ¯ ¯
Salamander

¯
~ ~
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Table 2. Ecological Management Zones in which programmatic actions are proposed that will
assist in the recovery of species and species groups (continued).

Species and Ecological Management Zone~
Species Group

Visions 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Western
Spadefoot

¯

California Red- O    ¯                      ¯    ¯          ¯          ¯    ¯    ¯    ¯
Legged Frog

Native Anuran ¯ ¯                       ¯    ¯          ¯           ¯    ¯    ¯    ¯
Amphibians

Western Pond ¯ ¯                       ¯    ¯          ¯           ¯    ¯    ¯
Turtle

DeltaGreen
Ground Beetle

Lange’s
Metalmark ¯ ¯
butterfly

California
Freshwater ¯
Shrimp

Native Resident ¯
Fish Species ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Bay-Delta
Foodweb ¯ ¯
Organisms

Shorebird and
Wading Bird ¯ ¯ ¯
Guild

Waterfowl                                                                           ¯
¯ ¯    ¯    ¯    ¯    ¯    ¯    ¯    ¯           ¯    ¯    ¯

Neotropical ¯
Migratory Bird ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Guild

Upland Game ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

I ~, ~ Volume Ih Ecosystem Restoration Program Plan
..~ ~Y,D~LTA Population Targets and Programmatic Actions for Species and Species Groups

~ pe~;e,~u June 1999

C--01 9473
C-019473



I
Table 2. Ecological Management Zones in which programmatic actions are proposed that will¯

assist in the recovery of species and species groups (continued).

Species and                          Ecological Management Zone1                                  1
Species Group

Visions 1 2 3 4 5 6 7 8 9 10 11 12 13 14
n

Groups IStriped Bass ¯ ¯ ¯ ¯ ¯ ¯

White Sturgeon ¯ ¯ ¯ ¯ ¯ n
American Shad ¯ ¯ ¯ ¯ ¯ ¯

Non-native I
Warmwater ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Gamefish

I
Pacific Herring ¯

Signal Crayfish ¯ ¯ I

Grass Shrimp ¯ n
~ 1 = Sacramento-San Joaquin Delta 8 = Feather River/Sutter Basin
2 = Suisun Marsh!North San Francisco Bay 9 = American River Basin n
3 = Sacramento River 10 = ¥olo Basin
4 = North Sacramento Valley 11 = Eastside Delta Tributaries
5 = Cottonwood Creek 12 = San Joaquin River ¯
6 = Colusa Basin 13 = East San Joaquin Basin
7 = Butte Basin 14 = West San Joaquin Basin

¯
~ ~
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|                               $’ ECOLOGICAL MANAGEMENT ZONES

I
| NTRODUCTION restoration, rehabilitation and protection projects.

Such understanding enables managers to assess,

I The following section provides the ecologicalduring planning phases of a program, the degree

management zone visions for the 14 areas that
to which prospective restoration sites diverge from

compose the ERPP study area. These include the
a "healthy" or "natural" condition, as well as to
evaluate, after actions have been undertaken,following ecological management zones:             project progress and effectiveness. In a

¯ Sacramento-San Joaquin Delta                  management context, perhaps the most practical

I ¯ Suisun Marsh/North San Francisco Bay means of summarizing the most relevant existing

¯ Sacramento River
information on ecosystems is to develop, over an

¯ North Sacramento Valley appropriate hierarchy of spatial and ecological

I ¯ Cottonwood Creek scales, a list of key system attributes - those

¯ Colusa Basin fundamental natural ecological characteristics that

¯ Butte Basin together define and distinguish these systems,

I ¯ Feather River/Sutter Basin
their status, and/or their interrelationships. Such

¯ American River Basin
lists of attributes may serve as a convenient and

¯ Yolo Basin                                     necessary "check list" of environmental factors

I ¯ Eastside Delta Tributaries that might be addressed in an ecological

¯ San Joaquin River restoration/rehabilitation context. At sites for

¯ East San Joaquin
which comprehensive restoration is the goal, a full

I ¯ West San Joaquin. suite of applicable attributes would presumably be
addressed. More commonly, at sites where partial

_~
restoration (rehabilitation) is the goal, actions ando:mo,t,,~c~<]
efforts would be focused upon an appropriateI subset of attributes.

] Some individual system attributes - such as water
I temperature - may be evaluated directly. Others,

such as "habitat continuity," are more nebulous,
and must be evaluated by developing appropriate

I "indicators" - measurable parameters that provide
a means to objectively (preferably quantitatively)
evaluate individual attributes that in themselves
are not readily measured. The term indicators is
also used in a broader context to refer to a subset

Location Map of the 14 ERP Ecological Management Zones          of system attributes (or their measurableI parameters) that are derived and used as a group
to provide a convenient way to evaluate overall

DISTINGUISHING system status. Thus, the term "indicator" is

I CHARACTERISTICS commonly used in two somewhat different
ecosystem management/restoration contexts,

Understanding the structure, function andrepresenting two differing scales of resolution:

I organization of ecosystems is necessary forthat of individual attributes, or alternately, that of

planning and implementingenvironmental groups of attributes. In either case, "indicators"

I ~ ~
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iare simply a convenient way of measuring orthe Key Ecological Attributes of the San Francisco
evaluating that which is of primary concem-Bay-Delta Watershed section of ERPP Volume I
system attributes. An additional, and most usefulfor additional details regarding the ecosystem

Itool in understanding and describing fundamentaltypology.) The ecological zone designations
characteristics of complex systems is the use offollow:
conceptual models that integrate and

Idiagrammatically represent the three basic kinds̄ Upland River-Floodplain Ecological Zone
of system components: elements (attributes), their̄ Alluvial River-Floodplain Ecological Zone
states, and the relationships that affect attributē Delta Ecological Zone

Istates. ¯ Greater San Francisco Bay Ecological Zone

ECOSYSTEM TYPOLOGY Each of the 14 ecological management zone is
Icontained within one or more ecological zones.

The ERPP study area is divided into fourThe following tables display the distribution of
ecological zones, based on similarities andecological managements zones withineach

Idifferences in their respective attributes. (Refer toecological zone.

Table 3. Distribution of Ecological Management Zones within the Ecological Zone Typology. l
Ecological Zone

Ecological Management
IZone Upland River- Alluvial River- Delta Greater San

Floodplain Floodplain Francisco Bay

Sacramento San Joaquin Delta ¯

ISuisun Marsh/North San o ¯Francisco Bay

Sacramento River ¯ 1
North Sacramento Valley ¯ 0

Cottonwood Creek ¯
I

! Colusa Basin ¯ ¯

Butte Basin ¯ ° .... I
Feather River/Sutter Basin O ¯

American River Basin ¯ ¯
I

Yolo Basin ¯ ¯

Eastside Delta Tributaries O ¯
I

San Joaquin River ¯

East San Joaquin ..... ¯
I

West San Joaquin ¯

¯ Denotes primary ecological zone, O Denotes secondary or less prevalent ecological zone.
I

Ecological Management Zones
Volume I: Ecosystem Restoration Program Plan           !

June 1999

C--01 9477
C-019477



|[] ¯ SACRAMENTO-SAN JOAQUIN DELTA

| ECOLOGICAL MANAGEMENT ZONE

i and raptors migrate through the Delta or depend
,~ on it for nesting or wintering habitat. Despite

many changes, the Delta remains a productive
nursery grounds and migratory route for many

I ~ species, runs salmon, steelhead,Four of chinook
green sturgeon, white sturgeon, lamprey, striped
bass, and American shad migrate through the

I Delta their journey between the Pacific Oceanon
and Central Valley spawning rivers. Native
resident fish including delta smelt and splittail

I spend most of their lives within the Delta.
Considerable areas of waterfowl and wildlife
habitat occur along the channels and sloughs and

I within the leveed agricultural lands.

The Delta also supports many plants with

I INTRODUCTION restricted distribution and some important plant
communities. Special status plant species include

The Sacramento-San Joaquin River Delta (Delta)Mason’s lilaeopsis, rose-mallow (hibiscus), eel-

I is the tidal confluence of the Sacramento and Sangrass pondweed, Delta tule pea, and Delta

Joaquin rivers. Between the upper extent ofmudwort. Important plant groups or communities

tidewater (i.e., near the city of Sacramento on theinclude pondweed with floating or submerged

I Sacramento River and Mossdale on the Sanleaves, bulrush series, cattail series, common reed

Joaquin River) and the confluence of the twoseries, vernal pool communities, black willow

rivers near Collinsville is a maze of tidal channelsseries, narrowleaf willow series, white alder

I and sloughs known as the Delta. Once a vast mazeseries, buttonbush series, Mexican elderberry

of interconnected wetlands, ponds, sloughs,series, and valley oak series.

channels, marshes, and extensive riparian strips it

I is now islands of reclaimed farmland protectedEcological factors having the greatest influence on

from flooding by hundreds of miles of levees.Delta fish and wildlife include freshwater inflow

Remnants of the tule marshes are found on smallfrom rivers, water quality, water temperature,

"channel" islands or shorelines of remainingchannel configuration and hydraulics, wetlands,

sloughs and channels, riparian vegetation, and diversity of aquatic
habitat. Stressors include water diversions,

I The Delta is home to many species of native andchannelization, levee maintenance, flood

non-native fish, waterfowl, shorebirds, andprotection, placement of rock for shoreline

wildlife. All anadromous fish of the Centralprotection, poor water quality, legal and illegal

I Valley either migrate through the Delta or spawnharvest, wave and wake erosion, agricultural

in, rear in, or are dependent on the Delta for somepractices, conversions of agricultural land to

critical part of their life cycle. Many of the Pacificvineyards, urban development and habitat loss,

I Flyway’s waterfowl and shorebirds pass throughpollution, and introductions of non-native plant

or winter in the Delta. Many migratory song birdsand animal species.
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D ESCRI PTI ON OF THE determinants of aquatic community potential. Both
the quality and quantity of available habitat affect

MANAGEMENT ZONE the structure and composition of the Delta’s
biological communities. Currently, much of the

The Sacramento-San Joaquin Delta Ecologicalremaining natural habitats consists of small,
Management Zone is defined by the legalscattered, and degraded parcels. Other, more
boundary of the Sacramento-San Joaquin Rivercommon wildlife habitats on agricultural lands are
Delta. It is divided into four regional Ecological at risk of loss because of levee failures. Important
Management Units: North Delta, East Delta, Southaquatic habitats are severely limited by levees and
Delta, and Central and West Delta Ecologicalflood control systems.
Management Units.

Important aquatic habitats in the Delta include
shaded riverine aquatic (SRA) habitat; vegetated
and nonvegetated shallow shoal areas; open-ended
sloughs, both large and small; and small dead-end
sloughs. The large, open river channels of the
Sacramento and San Joaquin rivers in the central
and western Delta are more like the tidal
embayments of Suisun Bay to the west of the
Delta. Areas with SRA habitat are t~agmented and
subject to excessive erosion from wind- and
boat-generated waves. Shallow shoal areas are
small and fragmented and are subject to excessive

Location Map of the Sacramento-San Joaquin Delta water velocities and periodic dredging that
Ecological Management Zone and Units.

degrade or scour them.

The Delta is the easternmost portion of theIn many areas, agricultural lands have become
estuary, and today is clearly delineated by a legalsurrogate habitat for wildlife, partially replacing
boundary that includes the areas that historicallynative habitats. For example, natural wetlands
were intertidal, along with supratidal portions ofhave been replaced by rice fields as habitat for
the floodplains of the Sacramento and San Joaquinwaterfowl and natural grasses have been replaced
rivers. Today’s legal Delta extends between theby agricultural grains, corn, and alfalfa which
upper extent of the tidewater (near the city ofprovide food for geese and cranes. Agricultural
Sacramento on the Sacramento River andlands have important benefits for wildlife in the
Mossdale on the San Joaquin River) and ChippsDelta, but are not a substitute for natural habitat.
Island to the west, and encompasse.s the lower
portions of the Sacramento and San Joaquin river-Remaining channels and sloughs have been
floodplain systems as well as those of some lessermodified to become water conveyance "facilities"
tributaries (e.g., Mokelumne River, Calaverasand flood control features. These modifications
River). resulted in elevated water velocities and loss of

structural diversity. The few remaining small
The Sacramento-San Joaquin Delta Ecologicaldead-end sloughs have lost their SRA habitat, are
Management Zone is characterized by a mosaic ofchoked with water hyacinth, and have poor water
habitats that support the system’s fish, wildlife,quality from agricultural and dairy runoff.
and plant resources. Instream and surroundingReclamation of Delta islands has cut offmiles of
topographic features influence ecologicaldead-end sloughs that once drained extensive tidal
processes and functions and are major

¯
~ ~
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wetlands and has significantly reduced the amountdecades, averaged only 6,000 to 10,000 cfs in dry
of land-water interface, years and 15,000 to 30,000 cfs in normal years. In

the driest years, spring flows were once 8,000 to
Geographic Information System (GIS) program 14,000 cfs, while under present conditions they
analysis of 1906 U.S. Geological Survey maps byaverage only 2,500 to 3,000 cfs.
the Department of Fish and Game (Bay-Delta and
Special Water Projects Division) provided In dry and normal years, summer outflow from the
estimates of the historical wetted perimeter inDelta has remained in the 4,000 to 8,000 cfs range
Delta sloughs and channels and tidal wetlands,because water is released from reservoirs to keep
[Note: Wetted perimeter is the linear salt-water from entering the Delta. Summer
measurement of shoreline. Total wetted perimeter inflows that were only 4,000 to 8,000 cfs in dry
is compared to the total acreages of related dry and normal years now exceed 10,000 cfs as water
land within a defined area to calculate a ratio of is released from reservoirs to satisfy demands for
wetted perimeter to land acreage. Higher ratios of water diversions.
wetted perimeter indicate a more extensive mosaic
of habitats (e.g., backwaters, sloughs, floodplains, Winter flows have fallen from the 15,000- to
marshes, and islands).] The 1906 maps were the 60,000-cfs range to the 7,000- to 35,000-cfs range
earliest available, and even then many Deltabecause much runoff from winter rains is now
levees had already been constructed. Thesestored in foothill reservoirs. Flows in years with
perimeter calculations were compared to similarthe highest rainfall are relatively unchanged,
data from GIS mapping by Pacific Meridian for although short-term peaks are attenuated by flood
the California Department of Fish and Gamecontrol storage in the larger foothill reservoirs.
(DFG) using 1993 satellite imagery. That
comparison indicated that there have been wetted
perimeter reductions Historical Monthly Average Flowinthreeof the four Delta
Ecological Management Units since 1906. Wetted
perimeter reductions ranged from 25.2% to
44.7%.

I Change in Ratio of Wetted Perimeter
1906 to 1993

(Ratio of water to land acreage)

I Ecological Percentage
Unit 1906 1993 of change

North Delta 3.4 4,5 +32.3%

East Delta 10.5 7.1 -32.4%

Historical Delta Inflow from Sacramento River measured at

l Freeport, 1972-1992 (Dry year is the 20th percentile year; normal
year is the 50th percentile or median year.)

Central Valley water supply and hydroelectric

I projectshave had a large effect on the freshwaterMuch of the Delta outflow is made up of
flow through the Delta. Spring flows that, before Sacramento River flow entering the Delta near
water projects, averaged 20,000 to 40,000 cubic Sacramento. Although inflows through the

I feet per second (cfs) in dry years and 40,000 toSacramento River channel reach 60,000 to
60,000 cfs in normal years have, in recent80,000 cfs in winter and spring of wet years,
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inflows are generally less than 30,000 cfs. In theRiver. The Mokelumne River contributes only 100 --
driest years, inflows range from 5,000 to 9,000 cfsto 300 cfs in dry and normal years. The San
through the entire year, while in dry years theyJoaquin River flows make up most of the
range from 8,000 to 15,000 cfs. In wet years, remainder with average monthly flows of 500 to []
floodflows that average up to 130,000 cfs per 1,500 cfs in dry years, 1,500 to 3,500 cfs in
month enter the Delta from the Yolo Bypassnormal years, and up to 20,000 to 40,000 cfs in
through Cache Slough. wet years.

Historical Monthly Average Flow Water diversions from the Delta may reduce I
outflows by as much as 14,000 cfs. Of that total,
small Delta agriculture diversions combine to

a~000 divert up to approximately 3,000 cfs during peak I
s0000 irrigation seasons. State Water Project (SWP) and
2s000 Central Valley Project (CVP) pumping plants in

~20000 the southern Delta can divert up to 11,000 cfs. I
~ 1~000 Natural floodplains and flood processes are the
"~oooo periodic flooding of the floodplain during peak

~00o flow events that would typically occur in late I
0 winter and spring of all but the driest years. Land

reclamation and levee construction have
eliminated much of the natural Delta floodplain,
forcing waters to rapidly exit the Delta through

Historical Deltalnflow from San Joaquin River Flow measured at confined channels. Only the Yolo Bypass and
Vernalis, 1972-1992 (Dry year is the 20th percentile year; normal adjoining leveed islands are periodically flooded

year is the 50th percentile or median year.) to help carry large flows coming down the |
Sacramento River.

Most of the remaining inflow to the Delta comes []
from the Mokelumne River and the San JoaquinReductions in spring freshwater flow into the |

Delta and the loss of riparian vegetative cover

Historical Monthly Average Outflow IUnimpaired Monthly Average Outflow

I
30000

60000

I40000
 oooo

I
10000

0

Historical Delta Outflow for 1972-1992 (Dry year is the 20th Unimpaired Delta Outflow Estimated for Period 1972-1992 (Dry Ipercentile year; normal year is the 50th percentile or median
year.) year is the 20th percentile; normal year is the 50th percentile or

median year.)
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have led to slightly increased water temperatureslargemouth bass, and starry flounder. Low
in the Delta. Agricultural and other discharges intoresidence time in Delta channels and sloughs
the Delta including power plant cooling waterdecreases biological productivity and habitat
have also increased Delta water temperatures,value.
Maintaining water temperatures in the Delta
during the transitions in spring and fall is
necessary to meet the needs of migrating salmon Species-Habitat Associations
and steelhead passing through the Delta. Reduced Species Habitats

I March to May inflows and loss of riparian
(waterside) and SRA habitats in the Delta have Swainson’s hawk Riparian/Agricultural
also contributed to higher water temperatures in Clapper rail Tidal emergent wetland

I the Delta.
Black rail Tidal Emergent wetland

Changes in Delta channel hydraulics (water flows) Sandhin crane Seasonal aquatic and
began in the mid-19th century with land wetland, agricultural, and

grassland
reclamation that restricted flows to narrow
channels of levees. Floodflows that once spilled Riparian brush rabbit Contiguous riparian

I into a vast floodplain are now confined to narrow woodland

channels. These same channels later became Shore and wading birds Aquatic and wetland,

conduits for carrying water to water-export seasonal aquatic, and

facilities in the central and south Delta. In 1951,
agricultural

the CVP began to transport water from the south Upland game birds Agricultural, riparian, and

Delta at Tracy to the Delta-Mendota Canal. That upland

I same year, operation of the Delta Cross Channel Waterfowl Tidalperennial aquatic,
(DCC) began to allow Sacramento River water to seasonal aquatic, riparian,
flOW through interior Delta channels to the south                              agricultural, and wetland

m Delta export facilities at Tracy. South Delta export Neotropical migratory birds Riparian, grassland,
facilities were increased with the addition of the agricultural land

SWP pumping plant at Byron in the late 1960s. In Oelta smelt Shallow water, sloughs,
1968, the SWP began to transport Delta water bays

m through the California Aqueduct to southern Splittail Marsh, floodplain, sloughs
California. Sniped bass Shallow water, sloughs

m Existing hydraulic conditions inhibit the function II II
mm of Delta channels as migration corridors and

rearing habitat for salmon and other anadromous
~ m fish, including steelhead, striped bass, AmericanChannel hydraulics once were relatively unaltered
m shad, white sturgeon, and green sturgeon. Nativein the Delta. In November through March, an

resident fish such as delta smelt and splittail alsoimportant period for aquatic species, hydraulic
m

~m depend on natural hydraulic processes, aschanges were insignificant in the 1950s and
m hydraulic conditions determine physical habitat1960s, as measured using an indicator of hydraulic

characteristics and foodweb (all of the foodconditions provided by output from a particle
chains) production (i.e., by controlling thetransport model(DeltaMOVE). However, by the

[] residence time of water in Delta channels).1980s, there had been a dramatic increase in
Natural hydraulic conditions benefit other residentunhealthy channel hydraulic conditions inim freshwater and estuarine fish, including longfinlocations such as the Central and West Delta.
smelt, tule perch, threadfin shad, white catfish,

7
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1
around the Delta provide spawning and rearing m

,, habitats for many native resident Delta fishes.
/;, They also provide important rearing and migratory 1

×    /;’;’" habitats for many Central Valley chinook salmon
.~100 and steelhead. Tidal perennial aquatic habitat
= 80 benefits native waterfowl, wading and shorebirds,
" and wildlife, as well as native plants that depend

on such habitats.
--~40~                                                                           I

Acres of Tidal Fresh
~JanFeb Mara..May ,.., Emergent Wetland (Marsh)

I~" Jun~": So 1950S~̄U9 ~Pct N~)Vec Ecological Percentage

Month Manageme 1906 1993 of change
¯nt Unit

Historic Calculated Entrainment Indices of the Central and West l
Delta Ecological Management Unit. North Delta 53,660 4,640 -91.3

East Delta 7,600 1,270 -83.3 ¯
Aquatic foodweb productivity in the Delta has Soum Delta 470 650 +38.3
declined over the past several decades and is the
subject of ongoing focused research activities. The Central and 37,170 5,040 -86.4 ¯
decline was caused by changes in freshwater

West Delta 1
inflow, Delta channel hydraulics (i.e., water
residence time), water diversions, water quality, ¯
and the species composition of aquatic organismLakes and ponds support simpleinvertebrate
communities. Foodweb productivity, beginning atcommunities, riparian habitat, andwintering
the primary production (i.e., plant cell production) waterfowl. Examples ofnontidal perennial aquatic ¯
level, is essential to provide enough food tohabitats include the Stone Lakes in the North I
maintain populations of important fish. PrimaryDelta Ecological Management Unit near
productivity in the Delta depends on spring flowSacramento and the "blow out ponds," or ponds ¯
events in dry and normal years. Spring flowsremaining after levee breaks on islands such as
deliver essential nutrients, increase residence timeVenice Island and Webb Tract. Most ponds also
in channels and sloughs, and increase shallowsupport introduced species such as the bullfrog
water and wetland habitat, and largemouth bass, which reduce the value of

these ponds to special-status species such as the
The loss of tidal marshes (historic tule marshes) tored-legged frog. Introduced species also reduce
agricultural conversion probably constituted onethe habitat’s value as brood water for nesting
of the greatest causes of loss of productivity andwaterfowl. Such habitats within the Delta also
a change in the nature of the aquatic foodweb (i.e.,benefit waterfowl, as well as many plant and
a change from a detritus-based food webwildlife species, including many rare or declining
characteristic of marshes to a more phytoplankton-special status species.
based food web). Along with the loss of tidal
marshes in the Delta to land reclamation came theAfter more than 100 years of land reclamation
loss of shallow-water aquatic habitats (e.g., smallactivities in the Delta, many linear miles of natural
sloughs, ponds). Many native resident andsloughs have been lost. Sloughs are important
anadromous fish and estuarine invertebratesspawning and rearing areas for many native Delta 1
depend on these habitats. Shallow-water habitatsfish species, as well as waterfowl and wildlife. Of ¯

~ ~
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those natural sloughs that remain, most have beenEcological Management Units, 38% in the South
severely degraded by dredging, leveeDelta Ecological Management Unit, and only 2%
confinement, loss of riparian vegetation, highin the Central and West Delta Ecological
water flow, infestation of water hyacinth, and poorManagement Unit. Most of the remaining tidal
water quality (i.e., many receive agricultural drainwetlands lack adjacent upland transition habitat
water), and other attributes of fully functioning tidal

wetlands. This was caused by upstream water
Shoals are simple underwater islands or shallowsdevelopment, in-Delta export facilities, adjacent
in otherwise deeper channels of the Delta.levee maintenance practices, agricultural
Channel islands and shoals provide valuable fishpractices, and urban and industrial development.
and wildlife habitat within the confined reaches of
Delta channels. Only "tule islands" or "bermTidal wetlands provide important habitats for
islands" contain some original native Deltamany species of plants, waterfowl, and wildlife. In
habitats. These islands are found in Delta channelsaddition, wetlands provide an important
where the distance between levees is wide enoughcontribution of plant (dead material) and nutrient
that past dredging activities left a remnant striprecycling to the aquatic foodweb of the Bay-Delta
where soils were deposited at an elevation highestuary, as well as important habitat to some
enough to support tules and cattails. Such islandsspecies of fish and aquatic invertebrates.
generally have shallow water and SRA habitats, as
well as tidal marsh and riparian habitats. TheSeasonal wetlands include vemal pools, wet
number and acreage of channel islands havemeadows or pastures, and other seasonally wetted
declined over the past several decades fromhabitats such as managed duck clubs in the Delta
dredging, wave and wake erosion, and leveefloodplain. Most of this habitat is located on
maintenance, leveed lands or in floodplain bypasses such as the

Yolo Bypass. Such habitats were once very
Tidal marshes, once the most widespread habitatabundant during the winter rainy season or after
in the Delta, are now restricted to remnantseasonal floodingoftheDelta. With reclamation,
patches. A GIS analysis of 1906 U.S. Geological flooding occurs primarily from accumulation of
Survey maps determined the extent of change inrainwater behind levees, from directed overflow
tidal wetland since 1906. Extensive losses of tidalof flood waters to bypasses, or from flooding
wetland habitats in of (e.g., managed wetlands).three the four Delta leveedlands Seasonal
Ecological Management Units have exceededwetlands are important habitat to many species of
87,000 acres from 1906 to 1993. These losses fish, waterfowl, shorebirds, and wildlife.

of the change that haverepresentonlya portion
taken place since reclamation began in the mid-Upland habitats are found mainly on the outer
nineteenth century. It has been estimated that circaedges of the Delta and consist primarily of
1850, about 310,000 acres of the Delta consistedgrasslands and remnant oak woodland and oak
of tidal wetlands in a mosaic dominated bysavanna. Of these, perennial grasslands are an
emergent vegetation, and included smaller tidalimportant transition habitat for many Delta
marsh drainage channels and open-water lakeswildlife species. They are also buffers to protect
and ponds (Atwaterand Belknap 1980). wetland and riparian habitats. Much of the

grassland habitat adjacent to the Delta has been
Nearly two-thirds of the reclamation of the lost to agriculture (e.g., grain, vineyards, and
Sacramento-San Joaquin Delta Ecologicalorchards) and development (e.g., home
Management Zone for farmland occurred beforeconstruction, golf courses). Grasslands provide
1906. Thirty percent of the lands reclaimed beforehabitats for many Delta plant and animal specdes.
1900 were in the North Delta and East Delta
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Riparian habitat, both forest and shrub, is foundThe Swainson’s hawk, a raptor species listed by
on the water and land side of levees, berms, bermthe State as threatened, breeds and occasionally
islands, and in the interior of some Delta islands,winters in the Delta. One of the highest breeding
This habitat ranges in value from disturbed (i.e.,densities of Swainson’s hawks in the Central
sparse, low value) to relatively undisturbed (i.e.,Valley is found on the eastern edges of the Delta,
dense, diverse, high value). The highest valueprimarily along the upland margins in areas
riparian habitat has a dense and diverse canopyadjacent with pastures, alfalfa croplands, and
structure with abundant leaf and invertebrategrasslands. The present-day Delta is mostly
biomass. The canopy and large woody debris infarmland, occupying over 86% of the dry-land
adjacent aquatic habitats provide shaded riverinearea. The wildlife habitat value of these lands
aquatic habitats on which many important fish anddepends on crop types and agricultural practices
wildlife depend during some portion of the lifeemployed, including flooding and tillage regimes.
cycles. The lower value riparian habitat isThe farmed"wetlands"oftheDeltaareimportant
frequently mowed, disced, or sprayed with for wintering water birds, including shorebirds,
herbicides, resulting in a sparse, habitat structuregeese, swans, ducks, and sandhill cranes,
with low diversity, supporting 10% of all waterfowl wintering in the

State. The value of agricultural lands to other
Riparian habitat is used by more terrestrialmigratory birds is much greater. For example, the
wildlife species than any other Delta habitat type.Delta is extremely important for tundra swans and
From about 1850 to the turn of the century most ofgreater sandhill cranes. In average years, 70% to
the riparian forests in the Delta were decimated85% of the tundra swans in the Pacific Flyway
for fuelwood as a result of the gold rush, riverwihter in the Central Valley; 90% of this use
navigation, and agricultural clearing. Remnantoccurs in just eight counties with the Delta being
patches are found on levees, channel islands, anda major use area.
along the margins of the Delta. Riparian habitats
and their adjacent shaded riverine aquatic habitatWater diversions in the Delta divert up to 14,000
benefit many species offish and wildlife, cfs of the freshwater inflow to the Delta. Though

diversions vary seasonally, relatively high rates
Inland dune scrub habitat is found in the south andcan occur in any month. Water diverted from the
west portions of the Delta in areas where wind-Delta is used throughout much of the central and
blown sand is deposited along margins of thesouthern portion of the State.
Delta. Inland dune habitat has unique native plant
communities includingtwo special-status species.With many diversions unscreened or poorly
Much of the dune habitat has been lost toscreened great numbers of fish and aquatic
industrial and urban development, invertebrates are entrained with the water. Lack of

adequate screening and location of water
Agricultural habitats also support populations ofdiversions in sensitive areas of the Delta
small animals, such as rodents, reptiles, andcontribute to the loss of important fish and aquatic
amphibians, and provide opportunities forfoodweborganisms.
foraging raptors. Nonflooded fields and pastures
are also habitats for pheasant, quail, and dove. TheLevee construction and bank protection have led
Delta supports a variety of wintering and breedingto the loss of riparian, wetland, and shallow-water
raptors. Preferred habitat consists of tall trees forhabitat throughout the Delta. Habitat on levees and
nesting and perching near open agricultural fieldsshorelines needs improvement to restore the
that support small rodents and insects for prey.variety of species and ecological functions needed
Both pasture land and alfalfa fields supportfor aquatic and wildlife resources of the Delta.
abundant rodent populations.
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I Dredging and disposal of dredge materials haveBoat traffic in the Delta contributes to the erosion
contributed to the loss and degradation ofof remaining shallow water, riparian, andwetland

I important aquatic habitat and vegetated bermhabitat along Delta channels and degrades water
islands in the Delta. quality from fuel and oil spills. High boat speeds

and traffic endanger remnant habitat and limit the

I Over the past several decades, the accidentalsuccess ofhabitatrestoration.
introduction of many marine and estuarine
organisms from the ballast waters of ships fromThe delta smelt population of the Bay-Delta

I the Far East has greatly changed the plankton andestuary is a federally listed threatened species. It
benthic (bottom and shore dwelling)invertebratesdepends on the Delta for spawning and rearing
of the Delta with further effects up the foodweb,habitat. It lives in fresh and brackish bays and
Further changes can be expected if restrictions aresloughs of the Delta. Delta smelt decline is related
not made on ballast water releases into the Santo poor habitat conditions during periods of
Francisco Bay and Delta. Other important routesdrought, but are also adversely affected by water

I for the introduction of invasive species includediversions throughout the Delta. Delta smelt
overland at border crossings, aquaculturebenefit from high freshwater inflow, particularly
operations, and commercial bait dealers, during the late winter and spring of dry years.

I Their recovery depends on adequate slough and
The numbers of predatory fish have increased atshallow water habitat, reduced effects of water
certain locations in the Delta (e.g., Clifton Courtdiversions, and increased productivity of the

I Forebay, docks, piers, etc.) and losses of someaquatic foodweb.
resident and anadromous fish to predation may
limit their recovery. Predators may reduceThe longfin smelt populations of the Bay-Delta

I populations of important fish, including chinooklive within the brackish water and saltwater of
salmon, steelhead, and delta smelt, northern San Francisco Bay and migrate upstream

into the Delta to spawn. The decline in the longf’m

I Large amounts of toxins continue to enter thesmelt population has coincided with a number of
Delta from municipal, industrial, and agriculturalchanges in the estuary including: low flows in late
discharges. The toxins have demonstrated inwinter and spring, reduced freshwater flows
bioassay potential adverse effect on the health,through the Delta and into Suisun Bay, waterI survival, reproduction many important (particularly years),and of diversion in drier and
Delta fish and their foodweb organisms. Toxins incontaminants.
the tissues of the fish are also a human health risk

I to eat Delta fish. Continued reductions Like delta native residentpeople who smelt,splittailarea
of toxins from discharges and from releases ofspecies of the Delta and Bay that depend on the
toxins from the sediment (e.g., those disturbed byDelta for spawning, rearing, and feeding. The
natural forces and dredging) are essential to theDelta splittail population declined during droughts
restoration program, but has rebounded in recent years. Splittail depend

primarily on shallow water habitats for spawning

I The legal and illegal harvest of fish may limitincluding shorelines, sloughs, and aquatic habitats
recovery of some populations in the Delta and itsassociated with wetlands and seasonal floodplains
watersheds. Harvest of chinook salmon, steelhead,(e.g., the Yolo Bypass in the north Delta). The

I and sturgeon in the Delta may affect recovery ofsplittail population will benefit from improved
these populations. Harvest enforcement andwetland and slough habitat, a more productive
management help sustainimportant fish aquatic foodweb, reduced loss to predation,

I populations from overharvest, improved estuarine hydraulics, and higher late-
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winter and spring freshwater flows during drysteelhead for this purpose is unknown.
years. Occurrences of juvenile steelhead are not

uncommon at the CVP and SWP fish salvage
White Sturgeon and green sturgeon populations infacilities, but they are not salvaged in as great a
the Central Valley use the Delta for migrating,number as are chinook salmon. This could reflect
feeding, and as a nursery area. Populations appeara much lower abundance of steelhead in the
to be stable. Do to lack of specific data for green Central Valley system or it could be the result of
sturgeon, however, the implication that thisthe larger size of steelhead smolts, compared to
species is stable may be inaccurate. Sturgeonsalmon smolts, when they are emigrating to the
benefit from high late-winter and springocean (larger fish are better able to avoid
freshwater inflow, a productive aquatic foodweb,entrainment).
and slough habitats in the Delta. Legal and illegal
harvest and losses to water diversions may beThe striped bass population of San Francisco Bay
limiting their abundance, and the Sacramento and San Joaquin rivers

depends on the Delta for much of its life cycle.
Four runs of chinook salmon use Central ValleyThe Delta provides important spawning and
waterways. All four runs depend on the Deltarearing habitat for striped bass. Reductions in
during at least a portion of their life cycle. Thefreshwater flow and increases water diversibns
Delta provides migratory and rearing habitat forhave resulted in striped bass population declines
salmon in all but the warmest summer months,over the past several decades. Poor water quality
Tidal perennial marsh habitat and adjoiningin the Delta may also be limiting the survival of
sloughs and aquatic habitats in the Delta areyoung and adults. Striped bass also benefit from
important fry rearing habitats, high aquatic foodweb productivity. Loss of tidal

perennial aquatic, wetland, and slough habitats
Many populations of chinook salmon havemay also limit production of striped bass. Many
declined in recent decades. The decline wasstriped bass young are lost in water exported
caused by a combination of ocean, river, and Deltathrough water diversions. Artificially rearing
factors. Reductions in freshwater flow thro~ugh theyoung striped bass salvaged at the south Delta
Delta and increases in water diversions have led topumping plant fish facilities or supplementing
declines in salmon populations. Improving late-production with hatchery-reared fish may be
winter and spring freshwater flows through thenecessary to sustain the population under present
Delta and reducing losses to diversions arelimiting factors.
essential to the recovery of salmon. Chinook
salmon also benefit from lower waterAmerican shad is an anadromous fish that spawns
temperatures in spring and fall, adequate aquaticin the Sacramento River and its major tributaries.
habitats, and high foodweb productivity. ManyThey pass through the Delta on their upstream
juvenile chinook salmon are lost to waterspawning migration in spring. In the fall, young
diversions and predators, migrate through the Delta on their way to the

ocean. A portion of the population spawns and
Steelhead usage of the delta-estuary is not wellrears in the Delta. Low productivity in periods of
known and has not been studied. At the verydrought is a concern. American shad production
least, they utilize the delta waterways forincreases with higher late-winter and spring
migration to and from the spawning and rearingfreshwater flow through the Delta in dry and
tributaries. Generally, estuaries provide importantnormal rainfall years. Improved aquatic foodweb
- and on some small coastal tributaries, essential -production and lower relative export rates at water
rearing habitat for steelhead, but usage of thediversions will benefit American Shad.
Sacramento-San Joaquin delta-estuary by
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Many native and non-native fish species arelimit these resources’ contribution to the health of
residents of the Delta. Resident fish populations,the Delta are related to adverse effects of
like delta smelt and splittail, will benefit fromconversion of seasonal wetlands and adjacent
improved aquatic habitats and foodwebuplands to other land uses and excessive mortality
production. Many native fish species haveresulting from introduction of non-native
declined gradually over the past century from losspredators and some land use practices.
of habitats and introductions of non-native fishes.
More recently, native resident species have furtherThe California red-legged frog is California’s
declined from changes in freshwater flow, waterlargest native frog. Its habitat is characterized by
diversions, poor water quality, and further non- dense, shrubby riparian vegetation associated with
native species introductions and habitatdeep, still, or slow-moving water that supports
degradation. For many of these species,emergent vegetation. The distribution and
improvements in their native habitats such aspopulation of this species has declined
sloughs and tidal marshes, is essential to theirsubstantially, primarily as a result of habitat loss
restoration. Native residents will also benefit fromor degradation and excessive predation. The loss
more natural freshwater flow patterns, improvedof habitat and declining condition of the species’
water quality, and reduced losses to waterpopulation havewarranteditslistingasthreatened
diversions, under the federal Endangered Species Act and a

Species of Special Concern by DFG. Major
Bay-Delta aquatic foodweb organisms includefactors that limit this resource’s contribution to the
bacteria, algae, zooplankton (e.g., copepods andhealth of the Delta are related to adverse effects of
cladocerans), epibenthic invertebrates (e.g.,the loss or degradation of critical wetland and
crayfish, Neomysis and Crangon shrimp), andriparian habitats and the introduction of non-
benthic invertebrates (e.g., clams). Foodwebnative predators.
organisms are essential for the survival and
productivity of fish, shorebird and other higherOnce possibly abundant in the Delta, the giant
order animal populations in the Bay-Delta estuary,garter snake and western pond turtle are now rare
Some organisms are non-native species (e.g.,there. Improvements in wetland, riparian, and
certain zooplankton and Asian clams) that may begrassland habitats around the margins of the Delta
detrimental to native species and the foodweb incould greatly benefit these species.

Recent declines in aquatic foodwebgeneral.
organisms of the Bay-Delta, particularly in drierOnce abundant in the Delta, Swainson’s hawk is
years, has caused a reduction in overall Bay-Deltanow rare. Improvements in agricultural and
productivity. Important aquatic foodweb riparian habitats will aid in the recovery of the
organisms include algae, bacteria, rotifers,Swainson’shawk.
copepods, cladocera, and mysid shrimp.

A long-term decline in wetlands hasemergent
The western spadefoot and California tigerreduced the population of California black rail in
salamander occur throughout much of the Centralthe Delta. Restoring emergent wetlands in the
Valley, San Francisco Bay, and coast ranges andDelta should aid in the of the Californiarecovery
foothills below 3,000 feet, as well as along theblack rail.
coast in the southern portion of the State.
Declining populations have warranted theirThe population of greater sandhill crane in the
designation as species of special concern andCentral Valley has declined over the past century
species of concern by the California Departmentwith the loss of permanent and seasonally flooded
of Fish and Game (DFG) and U.S. Fish and wetlands. Improvements in seasonally flooded
Wildlife Service, respectively. Major factors that wetlands and agricultural habitats should help
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toward recovery of the greater sandhill craneNeotropical bird species breed in North America
population, and winter in Central and South America. Many

species of neotropical migratory birds migrate
Herons, egrets, and other shorebirds and wadingthrough or breed in the Bay-Delta. These species
birds breed and winter throughout the Centralare a significant component of the ecosystem.
Valley and the Delta. Their populations depend onThese species are of high interest to recreational
aquatic and wetland habitats. Shorebirds andbird watchers, and contribute to California’s
wading birds will benefit from restoration ofeconomy through sales of equipment and other
wetland, riparian, aquatic, and agriculturalbird-watching-related expenditures. There have
habitats, been substantial losses of historic habitat used by

these species and available information suggests
The riparian brush rabbit is associated withthat populationlevelsformanyofthesespeciesis
riparian habitats of the Central Valley floodplain,declining.
It has been eliminated from the Delta from loss of
riparian habitat. Elsewhere, the population andMajor factors that limit this resource’s
distribution of this species have declinedcontribution to the health of the Delta are related
substantially, primarily as a result of the loss orto adverse effects of conversion of native habitats
degradation of its habitat. The loss of habitat andfor agricultural, industrial, and urban uses, and
declining populations have warranted its listing asland use practices that degrade habitats used by
endangered under the Califomia Endangeredthese species.
Species Act.

The Lange’s metalmark and the delta green
The major factor that limits this resource’sground beetle, both federally listed endangered
contribution to the health of the Delta is related tospecies, and the valley elderberry longhorn beetle
adverse effects of the historical loss and(VELB), a federally listed threatened species, are
degradation of the mature riparian forests, onrespectively associated with inland dune, vernal
which the riparian brush rabbit depends, in thepool, and riparian habitats. The distribution and
Delta and San Joaquin River floodplain, populations of these species have declined

substantially, primarily as a result of the loss or
Many species of waterfowl overwinter in the Deltadegradation of these habitats within their range.
and depend on high-quality foraging habitats toThe loss of habitat and declining condition of
replenish their energy reserves. They depend onthese species populations have warranted their
wetland, riparian, aquatic, and agriculturallisting as threatened or endangered under the
habitats. Many species of resident and migratoryfederal Endangered Species Act.
waterfowl will benefit from improved aquatic,
wetland, riparian, and agricultural habitats. Major factors that limit this resource’s

contribution to the health of the Delta are related
Upland game species are of high interest toto adverse effects of conversion of native habitats
recreational hunters in the Bay-Delta andfor agricultural, industrial, and urban uses, and
contribute to California’s economy through theland and water management practices that degrade
sale of hunting-related equipment and huntingzhabitats used by these species.
related expenditures. Major factors that limit this
resource’s contribution to the health of the DeltaOnce abundant in riparian woodlands of the Delta,
are related to adverse effects of conversion ofyellow-billed cuckoo have declined with the loss
native upland habitats for agricultural, industrial,of riparian habitats there. The yellow-billed
and urban uses, and land use practices thatcuckoo will benefit from improvements in habitat
degrade habitats used by these species, that result from efforts to protect, maintain, and
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I restore riparian and riverine aquatic habitatsRiver. Notable features are the Yolo Bypass, the
throughout the Delta. Sacramento deep water channel, the Cache Slough

I complex, the Sacramento River and adjoining
LIST OF SPECIES TO BENEFIT FROM sloughs, the Snodgrass Slough and Stone Lakes

RESTORATION ACTIONS IN THE complex, and the Delta Cross Channel (DCC)

I DELTA ECOLOGICAL gates which, when open, allow Sacramento River

MANAGEMENT ZONE water to flow into the forks of the lower
Mokelumne River. Land elevations generally

I ¯ delta smelt range from 5 feet below to 10 feet above mean sea
¯ longfin smelt level.
¯ green sturgeon

I ¯ Sacramento splittail The size of the unit is approximately 235,000

¯ chinook salmon (all runs) acres. As with the Delta’s other units, the primary

¯ steelhead trout land use is agriculture with more than 60% or

I ¯ lamprey (all species) 141,000 acres in field crops, orchards, and

¯ California black rail vineyards. Approximately 5% of the unit consists
¯ Swainson’s hawk of riparian, oak woodland, freshwater marsh, and

I ¯ special status plant species seasonal wetland. (See tables in this section.)
¯ Sacramento perch Much of the permanent and seasonal wetland

¯ riparian brush rabbit habitat is found in the Yolo Bypass, Cosumnes

I ¯ greater sandhill crane River Preserve, and Stone Lakes area.
¯ western yellow-billed cuckoo
¯ California red-legged frog

I * western pond turtle North Delta Ecological Management
¯ Lange’s metalmark butterfly Unit
¯ native resident fishes Land Use

I ¯ migratory waterfowl Land use Acres
¯ shorebird guild
¯ wading bird guild Non-flooded Ag 118,011

I ¯ neotropical migratory bird guild Flooded Ag 14,528
¯ Bay-Delta foodweb organisms

Orchard 2,832¯ white sturgeon

i ¯ striped bass vines 5,805
¯ American shad Tot~ cultivated 141,176
¯ non-native warmwater gamefish

i ¯ upland game Crass 42,194

Other 52, 480

DESCRIPTIONS OF

I ECOLOGICAL MANAGEMENT
U N ITS Hydraulic processes in the North Delta Ecological

Management Unit are influenced by tides,

I NORTH DELTA ECOLOGICAL upstream water releases, weather, channel

MANAGEMENT UNIT diversions, and river inflow. Unimpeded tidal
action into tidal wetlands affects sediment and

I The North Delta Unit is nutrient supplies into those wetlands and naturalEcologicalManagement
bounded on the south and east by the Sacramentomarsh successional processes. Tidal action and

I
~ 6wm
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floodwater discharges from the rivers and Yolo EAST DELTA ECOLOGICAL
Bypass transport nutrients and organic carbon into MANAGEMENT UNIT
aquatic habitats of the Delta and San Francisco
Bay. The East Delta Ecological Management Unit is

bounded on the northwest by the Sacramento
Hydraulic processes have been modified in theRiver; on the northeast by the Mokelumne and
North Delta Ecological Management Unit sinceCosumnes rivers; and on the south by Highway
the 1890s. Reductions in flow from the 12, the South Fork of the Mokelumne River,
Mokelumne River began in the early 1890s withWhite and Disappointment Sloughs, and the San
diversions by the Woodbridge Irrigation District. Joaquin River. Notable features are Georgiana
Further diversions began with the completion ofSlough, the DCC, the Cosumnes River Preserve,
the Mokelumne River Aqueduct in the 1930s.and the Woodbridge Ecological Reserve.
Additional agricultural diversions from the river
were developed in the 1960s when the presentLand elevations in this unit generally range from
level of diversions from the Mokelumne River10 feet below to 10 feet above mean sea level with
was reached. The construction of the Yolo Bypassthe western half of the unit ranging from 10 feet
significantly altered hydraulic patterns duringbelow to 5 feet below mean sea level and the
above normal and wet water years. The DCCeastern half ranging from 5 feet below to 10 feet
gates began operation in 1951 and increased theabove mean sea level. These elevations are
flow of Sacramento River water into the Eastgenerally higher that elevations in other regions of
Delta Ecological Management Unit and awaythe Delta. Elevation is an important factor in
from the mainstem Sacramento River belowevaluating the quality of habitats and in designing
Walnut Grove. habitat restoration projects.

Hydraulic patterns have been further modified byThis Ecological Management Unit consists of
the significant export pumping beginning in 1951more than 100,000 acres. It contains both forks of
for the CV-P and in 1968 for the SWP. The Barker the Mokelumne River, the Cosumnes River, three
Slough pumping plant at the east end of Lindseydead-end sloughs (Beaver, Hog, and Sycamore),
Slough in the Cache Slough complex wasand important waterfowl wintering and sandhill
completed in 1988; it exports water directly from crane foraging and roosting areas. As with the
the North Delta Ecological Management Unit toDelta’s other units, the primary land use is
the North Bay Aqueduct. agriculture with more than 68% in field crops,

orchards, and vineyards. (See the table in this
Current hydraulic conditions in the North Deltasection for land use acreage.)
Ecological Management Unit affect the ability of

othis Ecological Management Unit to supportLess than 5 ~ of the east Delta consists of riparian,
charmels with suitable residence times and naturaloak woodland, fresh emergent wetland, and
net flows; to provide adequate transport flows toseasonal wetland habitats. Much of the riparian
the lower estuary; and to support high-qualityand permanent and seasonal wetland habitats are
rearing and spawning habitat, nutrient cycling, andfound along the Cosumnes and Mokelumne rivers
foodweb integrity, and in the White Slough Wildlife Area.

The effects of many small unscreened diversions
in the North Delta Ecological Management Unit
are undocumented.
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I
Hydraulic processes have been modified in the

East Delta Ecological Management east Delta since the 1800s. Reductions in flow
from the Mokelumne River began in the lateUnit

Habitat Acreage 1800s and continued to decline into the 1960s.
The DCC gates began operating in 1951 and

I Habitat Acres increased the flow of Sacramento River water into
Riparian scrub 714 the East Delta Ecological Management Unit.

Hydraulic patterns have been further modified by

I Riparian woodland 2,201 the significant export pumping, which began in
Fresh emergent wetland 1,270 195 1 for the CVP and in 1968 for the SWP.

(marsh)

I Seasonal wetland 635 Current hydraulic conditions in the east Delta are
unhealthy. These conditions reduce the ability of

Total 4,820 this Ecological Management Unit to provide

I suitable residence times and more natural net
flows, to provide adequate transport flows to the
central and west Delta, and to support high-quality

I Hydraulic processes in the east Delta arerearing and spawning habitat, nutrient cycling, and
influenced by tides, river inflow, weather, channelfoodweb integrity.
diversions, and upstream water releases.

I Unimpeded tidalactionintotidalwetlandsaffectsThe effects of the many small unscreened
the habitat’s sediment and nutrient supplies. Thesediversions in the east Delta are unknown.
supplies influence the natural marsh successional
processes. Tidal outflows transport nutrients and SOUTH DELTA ECOLOGICAL
carbon into Bay-Delta aquatic habitats. MANAGEMENT UNIT

i The South Delta Ecological Management Unit is

East Delta Ecological Management Unit bounded on the north by the San Joaquin River,

Land Use
Turner Cut, Whiskey Slough, Trapper Slough,
Victoria Canal, and Italian Slough. Notable

I features are the San Joaquin, Old, and MiddleLand Use Acres

Non-flooded Ag 58,937 rivers; Clifton Court Forebay; and the State and

i federal fish protection and export facilities. Land
" Flooded Ag 6,054 elevations generally range from 10 feet below to

Orchard 870 1 0 feet above mean sea level. Only about half of

Vines 2,653 the unit is at or slightly higher than sea level.

Total cultivated 68,514 This Ecological Management Unit consists of
Grass 10,906 more than 177,000 acres. The primary land use is

with than 60% in fieldagriculture more crops,
Other 21,152 orchards, and vineyards. Less than 2% of this

Total 100,572 Ecological Management Unit consists of riparian,
oak fresh wetland, andwoodland, emergent
seasonal wetland habitats. Much of the riparian
and wetland habitat is found in narrow bands

i along the San Joaquin River and on small channel
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|
islands in Old River. (See tables in this section forsuitable residence times and more natural net
acreages.) flows; to provide adequate transport flows to the

Hydraulic processes in the south Delta are South Delta Ecological
1

influenced by tides, river inflow, weather, channel Management Unit
diversions, temporary rock barriers in Middle Land Use
River, Old River at Tracy, head of Old River,

Land Use Acres
Grantline Canal, and water releases from upstream
reservoirs. Unimpeded tidal action into tidal NonfloodedAg 98,269 I
wetlands affects sediment and nutrient supplies. FloodedAg 1,909
These supplies influence the natural marsh
successional processes. Outflows from tidal Orchard 3,668

I
wetlands transport nutrients and carbon into Vines 3,466
aquatic habitats of the Bay-Delta.

ToUa cultivated 107,312

Hydraulic processes have been modified in the Crass 40,483

south Delta since the 1800s. Further reduction in Other 29,434
flOW started in the 1930s with the completion of ¯ ¯
the Hetch Hetchy Aqueduct from the Tuolumne Total 177,229

River. In the early 1940s, construction of Friant
Dam began to significantly alter hydraulic ¯
patterns, particularly during drier water years. The |
South Bay Aqueduct began diversions directly
from the South Delta Ecological Managemententrapment zone; and to support high-quality ¯
Unit starting in 1962. Hydraulic patterns wererearing and spawning habitat, nutrient cycling, and |
further modified by the significant exportfoodweb integrity.
pumping near Tracy, which began in 1951 for the ¯
CVPandin 1968 near Byron for the SWP. While the effects of many small unscreened |

diversions in the south Delta are undocumented,
effects of the two large export facilities on nearly

SouthDelta Ecological Management Unit all Delta anadromous and resident fishes have
Habitat Acreage been well described and are very significant (See

Habitat Acres Water Diversions Vision in Volume I: Ecological ¯
Attributes of the San Francisco Bay-Delta 1Riparian scrub 899 Watershed.)

Riparian woodland 263 1

Fresh emergent wetland (marsh) 650
CENTRAL AND WEST DELTA IECOLOGICAL MANAGEMENT UNIT

Seasonal wetland 430

Total 2,242 The Central and West Delta Ecological
IManagement Unit is bounded on the west and

north by Suisun Bay, the Sacramento River,
Highway 12, the South Fork of the Mokelumne
River, and White and Disappointment Sloughs;          --

Current hydraulic conditions in the south Delta areand on the south by the San Joaquin River, Turner
unhealthy and affect the ability of this EcologicalCut, Whiskey Slough, Trapper Slough, Victoria
Management Unit to support channels withCanal, and Italian Slough. Notable features are the
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San Joaquin and Sacramento rivers, Franks Tract,islands and numerous levee breaks in the last
the channel islands in Middle and Old rivers, andseveral decades.
Potato and Disappointment Sloughs. Land
elevations generally range from 10 feet below toThe central and west Delta has some of the highest
as deep as 21 feet below mean sea level. Thislevels of wintering waterfowl within the Delta.
Ecological Management Unit consists of moreThey use seasonally flooded croplands on the
than 200,000 acres. It contains most of thedeeper islands in this unit. The California
mainstem of the San Joaquin River in the Delta.Department of Water Resources is one of the most
Agricultural uses account for 48% of the area andsignificant landowners in this unit owning most of
include field crops, orchards, and vineyards.Twitchelland Sherman islands.
Approximately 3% of the area consists of riparian,
oak woodland, fresh emergent wetland, andHydraulic processes in the central and west Delta
seasonal wetland. Much of the riparian andare influenced by tides, river inflow, weather,
wetland habitat is found on the extensive networkchannel configuration, water diversions, and river
of small channel islands in Old and Middle rivers;inflow. Unimpeded tidal action into tidal wetlands
on White, Potato, and Disappointment Sloughs;affects sediment and nutrient supplies into those
along the edges of Big Break and Franks Track;wetlands to complement natural marsh
on the Lower Sherman Island Wildlife Area; and successional processes. Tidal action associated
on adjacent tide lands on both sides of thewith flows out of tidal wetlands transport nutrients
Sacramento River channel between Collinsvilleand organic carbon into aquatic habitats of the
and Rio Vista, including Decker Island andBay-Delta.
adjacent channels. (See the table in this section for
habitat acreage.) Hydraulic processes have been modified in the

central and west Delta since the 1800s. The South
Bay Aqueduct began diversions directly from the

Central and West Delta south Delta starting in 1962. Deliveries to the
Ecological Management Unit Contra Costa Canal began in 1962 directly from

Habitat Acreage Rock Slough in the western portion of this unit.
Habitat Acres Hydraulic patterns were further modified by the

significant export pumping, which began in 1951
Riparian scrub 1,004 for the CVP and in 1968 for the SWP.

Riparian Woodland 248

Fresh emergent wetland 5,040 Current hydraulic conditions in the central and
west Delta are unhealthy. The ability of this

Seasonal wetland 544 Ecological Management Unit to maintain suitable

Total 6,836 residence times and provide more natural flows
are restricted. These restrictions inhibit adequate
transport flows to the entrapment zone and reduce
high-quality rearing and spawning habitat, nutrient

The central and west Delta contains most of thecycling, and foodweb integrity.
heavily subsided (sunken) islands in the Delta.
Although nearly 98% of this unit was notln additiontomanysmallunscreenedagricultural
reclaimed until after 1900, the highly organic soilsdiversions (e.g., siphons and pumps), electric
of this unit have oxidized at an accelerated rate.generating stations divert up to 1,500 cfs of Delta
This has resulted in subsidence (sinking) of 20 towater. The water is diverted at Antioch, along the
30 feet in many places. The subsidence has led toSan Joaquin River channel, for cooling purposes.
serious potential erosion of the levees around theSome juvenile Delta fish are stressed or killed in
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the water diverted for plant cooling. Though theurban and industrial development, contaminants,
amount of heat added to the Delta is small, it island reclamation, water diversions, flood control
locally measurable. This combined with other(i.e., levees and bank protection), non-native plant
heated discharges contributes to significantand animal species, recreational activity (e.g.,
seasonal warming of Delta waters, boating), water conveyance structures, livestock

grazing, and agricultural practices will be reduced.

VISION FOR THE
Following restoration, the Delta will be a better

ECOLOGICAL fish spawning, rearing, and migration habitats. A

MANAGEMENT ZONE healthy Delta will be more effective in nutrient
cycling and will increase primary (plant) and

The vision for the Sacramento-San Joaquin Deltasecondary (animal) productivity. Productivity will

Ecological Management Zone is to achieve aincrease through improved freshwater inflow and

healthier system that better provides for theoutflow, longer hydraulic residence time in Delta

ecological needs of plants and animals using thechannels, and an increase in the amount of tidal
system. A healthy ecosystem will have morewetlands. Improved Delta productivity will also

natural freshwater flow and channel hydraulicimprove the productivity of northern San

patterns. A more natural channel configurationFrancisco Bay.

with greater amounts of slough and permanent and
Both the endangered winter-run chinook salmonseasonal wetland habitats will provide more

habitat for fish, waterfowl, and wildlife, andand the threatened delta smelt will benefit from

improve aquatic foodweb production and water improved Delta inflow and outflow during the late
quality. Improvements in riparian vegetation alongwinter and spring, greater estuary (river mouth)

waterways will reduce heating of the water andfoodweb productivity, riparian and wetland habitat

provide habitat for fish and wildlife. A healthyimprovements, and improved screening systems at

Delta ecosystem will lead to improved survival ofwater diversions.
anadromous fish that depend on the Delta for a
portion of their life cycles, including chinookMuch of the new fish and wildlife habitats will

salmon and steelhead, striped bass, white andcome from agricultural lands that are either no

green sturgeon, and American shad. A healthylonger productive or too expensive to maintain

Delta will also help toward improving the native(e.g., levee maintenance costs are too high). These

resident fish community including delta smelt andlands will be purchased from willing sellers.

splittail, as well as resident wildlife, migratoryProductive agricultural lands will continue to be

.waterfowl, neotropical birds, and special-statusan integral part of the Delta habitat mosaic and
will be protected byupgrading channelplants and plant communities.
configurations and levees.

A restored Delta ecosystem will have improved
ecological processes and habitats and reducedThe Delta’s levee system will be effectively

stressors. Ecological processes that will bemaintained to reduce the risk of failure. This will

improved include freshwater inflow and outflow,also minimize loss of water quality (e.g., saltwater

Delta hydraulics, channel configuration, waterintrusion) and loss of high-value wildlife habitat

temperature, floodplain processes, and aquatic andand agricultural land. Riparian, wetland, and

terrestrial foodweb productivity. There will be aquatic habitats along the levees will be improved

substantial increases in the acreage of tidalwhere possible. In those areas where leveed lands
can eventually be restored to tidal action, theemergent wetlands, seasonal and permanent

nontidal wetlands, and shallow water, riparian,exterior levees will be maintained until the island

and tidal slough habitats. Stresses from land use,
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I
I

interiors are restored to the proper elevationshabitats that not only protect the integrity of the
necessary to support the desired habitats, levees, but also provide valuable fish and wildlife

I habitats. Agricultural lands on Delta islands will
A basic restoration strategy is to protect andbe managed to better support waterfowl and
enlarge areas of remaining native habitats andwildlife. Tidal sloughs and creeks will be restored

I establish the connectivity of these areas. Forto their former health from improved channel
example, the Cosumnes River Preserve (Badgerhydraulics, water quality, and riparian vegetation,
Creek Marsh) supports a sizable population ofand reductions in non-native aquatic plants (e.g.,

I giant garter snake. Caldoni Marsh (White Sloughwater hyacinth).
Wildlife Area) west of Lodi is also an area of
several recent and historical giant garter snakeTo ensure this recovery, it will be necessary to

I sightings. Stone Lakes Refuge-Morrision Creekreduce stressors. Examples ofstressors include the
drainage and the Yolo Basin also contain suitablealteration of Delta hydraulic patterns by pumping
garter snake habitat, though population sizes arein the South Delta, unscreened or poorly screened

I thought to be quite small. Restoring connectivitydiversions, non-native invasive plant species (e.g.,
of these areas would benefit giant garter snakeswater hyacinth), toxic substances, and human
and contribute to their recovery by providingdisturbance such as erosion of sensitive habitats

I corridors for the reestablishment of historicfrom boat wakes. In some cases, fish and wildlife
population. Such areas in the Delta include: may need temporary or even long-term support

through artificial habitat construction, reductions

I ¯ the CacheSloughcomplex, in legal and illegal harvest, or artificial

¯ Stone Lakes,
reproduction (e.g., hatcheries).

i ¯ the Cosumnes River Preserve in the northImprovements to restore the health of the estuary
Delta, and need to be made in a way that contribute to the

¯ the Sherman Island Wildlife Area in the
quality of life for Delta fish and wildlife

I western Delta. populations, while protecting the region’s
agricultural economy and preserving landowner

Benefits to species and habitats will comeproperty rights. Rebuilt levees will protect

I predominantly through changes to importantvaluable agricultural lands and other properties.

physical processes. These processes include: Improved fish and wildlife populations will

~ benefit recreation. Greater areas of wetlands and

I ¯ freshwater flow into and through the Delta riparian habitats will benefit water quality. With
restoration, the Delta would provide improved

¯ hydraulic conditions within Delta channels,educational and recreational opportunities. The
Delta will provide increased public opportunities

and for wildlife observation, photography, nature

¯ the channel configuration of the Delta. study and wildlife interpretation, fishing, hunting,
picnicking, and other activities in a manner that is

I Increasing the amount of the floodplain that is
consistentwithmaintainingthefishandwildlife

inundated by flood waters and tides, and
values of the Delta and protecting adjacent private

increasing the amount of shallow water and
properties.

I shorelines will increase tidal aquatic, wetland, and’ Attaining this vision requires extensive efforts in
riparian habitats. Habitat improvements will be
made in concert with floodplain and leveethe Delta, and in watersheds above the Delta. For

I this reason, this Delta vision is closely tied to the
improvements. Levees will be rebuilt and
maintained to include shallow water and riparian      visions for the other 13 Ecological Management

I
~ ~
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Zones. Important ecological processes such as program and the need to identify which parts
streamflow are controlled by upstream reservoirs of the system can be restored to provide the
and watersheds to the Delta. Delta habitat and the desired benefits.
productivity of that habitat are greatly dependent
on physical, chemical, and biological processes̄ Development of an alternative approach to
upstream of the Delta. manage floods by allowing rivers access to

more of their natural floodplains and
A focus on natural processes may reduce the need integrating ecosystem restoration activities
for measures that artificially maintain habitat and with the Army Corps of Engineers’
plant and animal populations (e.g., hatcheries). It Comprehensive Study of Central Valley flood
may be necessary, however, to artificially sustain management programs.
habitats, severely inhibit stressors, and increase
population abundance until such time when̄ Increasing the ecological benefits from
natural ecological processes and functions are existing flood bypasses, such as the Yolo
restored. This will be particularly true during the Bypass, so that they provide improved habitat
recovery period, for waterfowl, fish spawning and rearing, and

possibly as a source of food and nutrients for

INTEGRATION OF ACTIONS the estuarine foodwebs.

FOR STAGE 1 ¯ Thoroughly testing the assumptions that
IMPLEMENTATION                  shallow water tidal and freshwater marsh

habitats are limiting the fish and wildlife
Stage 1 actions are those actions to be populations ofinterestintheDelta.
implemented during the first 7 years of the
program. The selection of Stage 1 actions is̄ A better understanding of the underlying
guided by the Strategic Plan for Ecosystem mechanisms of the X2 salinity standard in the
Restoration(1999). The Strategic Plan identifies Delta and the ~esultant effects on aquatic
12 important issues related to substantial organisms.
uncertainties about Bay-Delta ecosystem
dynamics that should be addressed by adaptivē A need to better understand the linkage
management and adaptive probingearly in Stage between the decline at the base of the
1. Many of the issues address the uncertainty estuarine foodweb and the accompanying
resulting from incomplete information and decline of some, but not all, species and
unverified conceptual models, sampling trophic groups.
variability, and highly variable system dynamics.

¯ Clarifying the extent to which entrainment at
Relevant issues in the Sacramento-San Joaquin the CVP and SWP pumping plants affects the
Delta Ecological Management Zone that need population size of species and invertebrates.
resolution during Stage 1 include:

¯ Clarifying the suitability and use of the Delta
¯ The impact of introduced species and the for rearing by juvenile salmon and steelhead.

degree to which they may pose a significant
threat to reaching restoration objectives. The proposed Stage 1approach for the

Sacramento-San JoaquinDelta Ecological
¯ Recognition thatchannel dynamics, sedimentManagement Zone is tobroadly design and

transport, and riparian vegetation areimplement actions that will make a substantial
important elements in a successful restorationcontribution to developing aquatic and terrestrial

~ ~
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¯ habitat corridors through the Delta which connectwater management program to halt the accidental
with upstream areas. In addition to the focus onintroductions of invasive aquatic organisms.

I the corridor concept, a variety of general actions
will be implemented. Implementation of theseThe proposed Stage 1 actions are described in the
actions and linking their implementation withRestoration Targets and Programmatic Actions

I adaptive management through the Comprehensivesection.
Monitoring, Research and Monitoring Program
will be major steps toward resolving the important VISIONS FOR ECOLOGICAL
Stage 1 issues and will set the direction for MANAGEMENT UNITSsubsequent implementation stages.

I The three major habitat corridors envisioned NORTH DELTA ECOLOGICAL
include the following: M~NAGEMENT UNIT

¯ THE NORTH DELTA H,~ITAT CORRIDOR Habitat restoration, fish passage improvement, and

will provide a large, contiguous habitatfloodplain modifications are the primary focus of

corridor connecting the mosaic oftidal marsh, the restoration program in the North Delta

I seasonal floodplain, riparian and perennialEcological Management Unit Restoring a mosaic

grassland habitats in the Yolo Bypass, Cacheof tidal emergent wetland and SRA habitat at the

Slough Complex, Jepson Prairie Preserve,ecological-unit level should provide essential

i Prospect Island, Little Holland Tract, Liberty resources for all species, particularly communities
Island, and Steamboat Slough. or assemblages of species that have declined

significantly within the Delta.
¯ THE EAST DELTA HABITAT CORRIDORI Habitat restoration will focus on four areas:will restorea large, contiguouscorridor

containing a mosaic of habitat types including
tidal perennial aquatic, riparian and riverinē the Yolo Bypass including shallow

I freshwater agricultural islands at the south end of theaquatic habitat, fish habitat,
essential fish habitat, and improved bypass (i.e., Prospect, Little Holland, and
floodplain-stream channel interactions along Liberty)

I the Cosumnes River. The focusincludesarea
the South Fork Mokelumne River, East Delta ¯ tidal sloughs between the Sacramento Ship

¯ dead-end sloughs, Georgiana Slough, Channel and the Sacramento River (i.e.,

I Snodgrass Slough, and the Cosumnes River. Steamboat, Miner, Oxford, and Elk)

¯ THE SAN JOAQUIN RIVER HABITAT ¯ the Stone Lakes-Cosumnes Preserve complex,

i CORRIDOR will provide a contiguous habitat and

corridor of tidal perennial aquatic habitats,
riparian and riverine aquatic habitat, ¯ the main channel of the Sacramento River

I freshwater fish habitat, essential fish habitat, from Sacramento to Rio Vista.

and improve river-floodplain interactions.
Seasonal patterns of freshwater inflow from the

I In addition to the three habitat corridors, manySacramento River, Yolo basin (Cache and Putah

other restoration actions are proposed forcreeks), and the Cosumnes and Mokelumne rivers

implementation during Stage I. These additionalwould be improved. Fish passage problems in the

I actions range from conversion of Frank’s Tract toYolo Bypass, DCC, Sacramento Ship Channel,

shallow water habitats to developing a ballastand Snodgrass Slough should be resolved.
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Unscreened diversions in important habitat andriparian habitat would be improved along these
migration pathways should be screened. Non-sloughs. Setback levees along portions of these
native plants will be controlled, sloughs may expand the slough and adjacent

marsh complexes. Increases in the hydraulic
The vision for the North Delta Ecologicalconnections at the northern end of the slough
Management Unit focuses heavily on habitatcomplex on the Sacramento River and at the
restoration in the major subunits and the creationsouthern end at Prospect Island would increase
of a North Delta habitat corridor. In the Yolo tidal and net flows through the complex, which
Bypass, channels should be constructed to connectalong with habitat improvements, could represent
to channel improvements in the Yolo basin (i.e.,important rearing and migrating habitat
connections with Putah and Cache creeks, theimprovements for salmon and other anadromous
Colusa drain, and the Sacramento River throughand resident fish.
the Sacramento and Fremont weirs). These
channels should be constructed as permanentAlong the Sacramento River channel between
sloughs along either side of the bypass. Sacramento and Rio Vista, restoration is limited to

improvements to riparian vegetation along the
The sloughs will feed permanent tidal wetlandsmajor federal levees and to protection and
constructed along the bypass and connected withpossible improvements to retain remaining
existing wetlands within the Yolo Basin Wildlifeshallow-water habitat and rule berms along the
Area. The sloughs would provide rearing andriver sides of the levees. In addition, habitats
migrating habitat for juvenile and adult salmon,would benefit from improving and maintain flows
and other native fishes. The sloughs would drainthat contribute to riparian regeneration. These
into extensive marsh-slough complexes developedhabitats may be important spawning habitat of
in shallow islands (i.e., Liberty, Little Holland,delta smelt and other native Delta fishes and
and Prospect) at the lower end of the bypass,important rearing and migratory habitats of
These changes, in con.junction with structuraljuvenile salmon and steelhead.
improvements to the bypass floodway (e.g.,
reducing the hydraulic impedance of the railroadThe vision for the Stone Lakes-Snodgrass Slough-
causeway paralleling Interstate 80, and removingLower Cosumnes/Mokelumne complex at the
levees along the lower Sacramento Ship Channelnortheast side of the North Delta Ecological
(seebelow),will retain and possibly increase the. Management Unit includes extensive habitat
flood bearing capacity of the Yolo Bypass. improvements. These improvements will be

consistent with increasing the connection of
To the east of the Yolo Bypass, the vision includeswetlands and riparian woodlands in the Stone
some improvements to the Sacramento ShipLakes and Cosumnes preserves. Remnant
Channel. Fish passage problems at the gatemarshes, riparian woodlands, and tidal sloughs
structure on the Sacramento River at the north endalong Snodgrass Slough would be protected and
of the ship channel should be resolved byimproved. Some smallunitsofleveedagricultural
constructing fish passage facilities. Connectionslands would be converted to marsh-slough
between the ship channel and the new islandcomplexes. Flood control levees would be
complexes at Liberty, Little Holland, and Prospec~ upgraded and riparian and shallow-water habitats
Islands would be considered, improved on the waterside of the levees. Gated

connections with appropriate fish passage
The major sloughs to the east between the shipfacilities (and, potentially, screens) would be
channel and the Sacramento River, includingconsidered on the Sacramento River at the north
Miner, Steamboat, Oxford, and Elk, should be end of Snodgrass Slough and Morrison Creek near
improved as salmon migration corridors. AHood to provide this portion of the unit with water

Volume I1: Ecosystem Restoration Program Plan
Sacramento-San Joaquin Delta Ecological Management Zone Vision

June 1999
69

C--01 9 4 9 9
C-019499



at a level consistent with pre-levee flows. Watertule-marsh wetlands, or seasonal agricultural
hyacinth infestations would be controlledproduction. After many decades of flooding,
throughout the complex. All unscreenedmarsh growth, and sediment-laden flood overflow,
agricultural diversions located along salmonthese floodplains could be converted to tidal
migratory corridors or spawning habitat of deltawetland.
smelt would be screened.

Tidal headwaters of sloughs and adjacent lands
Changes in the operation of the DCC gates wouldwould be opened to provide permanent tidal
be considered depending on which programwetland marsh-sloughcomplexes. Conversion of
alternative is chosen, these agricultural lands would also reduce water

diversions (i.e., loss of water and juvenile fish).
~AST DELTA I=COLOGICAL Levee setbacks and a wider floodplain would

MANAGEMENT UNIT improve habitat for fish including resident delta
smelt and splittail and seasonal migrant salmon

The vision for the East Delta Ecologicaland steelhead from the Cosumnes and Mokelumne
Management Unit focuses on restoration of nativerivers.
Delta habitats that will improve spawning, rearing,
and migration habitats of native Delta fishes, as SOUTH DELTA ECOLOGICAL
well as provide extensive new amounts of MANAGEMENT UNIT
wetland, waterfowl, and wildlife habitat. Restoring
a mosaic of habitat conditions at a landscape levelLarge-scale habitat restoration, channel and
should provide essential resources for all species,floodplain improvements, hydraulics, and losses at
especially communities or assemblages of speciesunscreened diversions and water export facilities
that are rare within the Delta. Improvements alongare the primary focus of the restoration program in
the south Mokelumne River and adjoining dead-the South Delta Ecological Management Unit.
end sloughs on the east edge of the Delta shouldRestoring a mosaic of habitat conditions at a
be the focus of restoration efforts, landscape level should provide essential resources

for all species, particularly communities or
The vision for Georgiana Slough, Snodgrassassemblages of species that are rare within the
Slough, the Cosumnes River and the South FordDelta.
of the Mokelumne River channel is to improve
riparian and tidal marsh habitats and restoreThe vision for the South Delta Ecological
ecological processes, such as floodplain-riverManagement Unit focuses on restoring floodplain
interactions, to the degree feasible to create ahabitat along the lower San Joaquin River between
sustainable East Delta habitat corridor. Mossdale and Stockton and improving riparian

habitat along leveed sloughs throughout the unit.
The vision for the side of the unit the This is the creation of the Saneast along integralto Joaquin
South Mokelumne River and its adjoining dead-River habitat corridor. Improving interior slough
end sloughs (Beaver, Hog, and Sycamore) iscomplexes of the Old and Middle rivers would
extensive restoration of native Delta habitats, which CALFED alternative is chosendependon
Levee setbacks and improvements along the riverfor conveyance through the Delta. Minimal
and sloughs would be accompanied by shallow-improvements would be made under alternatives
water and habitat improvements, that existing Delta channels because theseriparian use

channels would remain major conduits for moving
Subsided leveed lands between the sloughs wouldwater to the export pumps. Other alternatives
be converted to floodplain overflow basins. Thesewould provide more flexibility in the form of
floodplains would support non-tidal, permanentimprovements in riparian and emergent wetland
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habitat and channel configurations. Depending onoperation of the barrier to not cause increased
the preferred alternative, the South Deltadelta smelt, winter-run chinook salmon, and other
Ecological Management Unit could be a locationfishes movement south into the South Delta and
in which extensive restoration of tidal emergentgreater losses at south Delta export facilities.
wetlands and tidal perennial aquatic habitats
occurs. This is influenced by the present land
elevations and because land subsidence has been
less dramatic that in other regions of the Delta.

A major focus of the vision in the south Delta will
be expansion of the floodway in the lower San
Joaquin River floodplain between Mossdale and
Stockton. Setback levees and overflow basins
offer opportunities to increase the flood-bearing
capacity of the existing configuration of the river
floodplain, as well as potential for creating
significant amounts of native tidal emergent
wetlands within the floodplain, regardless of
which conveyance alternative is chosen.

Another important focus of the vision is to solve
the problems associated with the export of water
from the south Delta export facilities of the SWP Conceptual view of a fish barrier at the Head of Old

and CVP near Byron and Tracy, respectively.
River (DWR).

Under all three CALFED alternatives, it is
imperative that the loss of juvenile anadromous CENTRAL AND WEST DELTA
and resident fishes at the two export facilities beECOLOGICAL M/MqAGEMENT UNIT

reduced as soon as possible. A new fish screen
facility would be constructed that would screen allRestoring habitat is the primary focus of the
water for both facilities. The screen system wouldrestoration program in the Central and West Delta

fish collection, handling, Ecological Management Unit. Restoring a mosaicastate-of-the-art
and transport system that would reduce fish losses,of tidal emergent wetland and SRA habitat on a

Some alternatives would further reduce losses oflarge scale should provide essential resources for

fish from the south Delta by limiting diversionsall species dependent on the Delta. Protecting and

from the south Delta in seasons when fish areenhancing levees around all the deeper islands
most abundant or vulnerable. Fish losses couldshould include major adjacent shoal and shallow-

water habitats, as well as riparian and tule-bermalso be reduced by providing alternative sources
of water to south Delta islands, which would(midchannel islands) improvements. Changes in
otherwise divert water from existing channels, channel hydraulics will protect and improve

habitats in specific sloughs. Water conveyance

A barrier at the head of Old River would be through the Delta should be concentrated in

installed to prevent San Joaquin River water andspecific channels that should be reinforced for that

fish from moving into the southern Delta. Thepurpose, and little habitat restoration should be
barrier would help ensure that San Joaquin Riverconducted along these channels so as not to

water and juvenile salmon would have someencourage residence of juvenile fishes. Portions of

chance of reaching the western Delta and the Sandeeper islands should be reclaimed where possible
Francisco Bay. Precautions would be taken in thefor tidal or nontidal marsh habitat. Unscreened
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I
diversions in important migration pathways of would be protected and would also require active
salmon and delta smelt should be screened or water hyacinth control.

i relocated to other channels.
On deeper Delta islands, levees should be

The vision for the Central and West Delta upgraded to protect them from catastrophic
Ecological Management Unit is to restore fresh failure. Portions of or all of some islands would be
emergent wetland habitat, shoal and shallow-water considered for establishing permanent nontidal
aquatic habitat, and adjacent riparian habitat, wetlands. Approximately 30,000 acres of these

I Along the main channel of the San Joaquin River islands would be appropriate for consideration of
where levees are being upgraded; wetland, shoal, permanent or seasonal wetland development, or
shallow-water, and adjacent riparian habitat combination wildlife habitat and agricultural use.

I should be improved. Where feasible, new Selected islands may also be appropriate for flood
construction should set back levees on portions of overflow basins or seasonal water storage
islands where the ratio of levee length to protected reservoirs.

I agricultural acreage is high. This will potentially
reduce levee construction and maintenance costs Along the west side of the unit in the Highway 4
and provide new tidal shallow-water, slough, corridor, there are many opportunities to combine

I wetland, and riparian habitat, urban, agricultural, and native Delta habitat
developments. There are many opportunities for

These selected islands would be on higher tidal slough and marsh habitat development in this

I elevation lands to minimize the need for fill; area.
however, some fill would be needed on deeper
corners. This might be closely linked with the Unscreened diversions along major pathways of
LTMS strategy for the beneficial reuse of dredge salmon and delta smelt would be relocated or
materials as it would accelerate marsh rebuilding screened. Screening systems at Antioch electric
processes. On such setbacks, levees would power plants would be upgraded to reduce loss of
initially be maintained while fill was applied and fish to entrainment through or impingement on the
habitats developed. Eventually, the levees would fish screens. The extent of screening needs would
be breached or gated to allow tidal flows into the depend on which program alternative is chosen
newly developed habitats. In some cases, entire
small islands may be reclaimed, similar to the way VISIONS FOR I:::COLOGICAL
in which portions of western Sherman Island in PROCI=SSl:sthe west Delta were reclaimed for aquatic and

I marsh habitat. Along the margins of the unit
CENTPdM. V,A~LEY STREAIVIFLOWS: Much ofselected levees could be breached or removed to
the fresh water of the State drains the watershedsprovide areas of tidal wetlands and adjacent

I grasslands. The amount of new habitats potentially of the Central Valley through the Delta. A healthy

derived from these actions represents as much as
pattern of freshwater inflow into and through the
Delta would entail natural late winter and spring

10% of the total acreage in the Central and West

I flow events especially in dry and normal water-Delta Ecological Management Unit.
year types. Such flow events would support many

Selected tidal channels and sloughs in the Central ecological processes and functions essential to the

and West Delta Ecological Management Unit health of important Bay-Delta fish populations.

(e.g., Potato Slough and Disappointment Slough) Inflow to the Delta is impaired in dry and normal

retain good habitats in the form of midchannel rainfall years from the storage and diversion of
natural inflow to the basin watersheds. The needI islands, shoreline marshes and riparian

woodlands, and shallow waters. These habitats
for inflow coincides with the need for natural
flows in the mainstem rivers, their tributaries, and
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San Francisco Bay. Increasing low salinity habitatsome Delta channels would improve productivity
at Roe Island, Chipps Island, and at Collinsvilleand habitat values.
will benefit rearing native fishes dependent on this
type of habitat. BAY-DELTA AQUATIC FOODWEB: The aquatic

foodweb of the Delta, which supports important
COARSE SEDIMENT SUPPLY: Maintain a resident and anadromous fish, has been severely
sustainable supply of natural sediments to theimpaired. The major foodweb stressors include
Delta. Sediments areoneofthe basic ecologicaldrought, reductions in freshwater flow, water
components contributing to the development ofdiversions, introductions of non-native species
the Delta landscape over the past 6,000 years.(e.g., Asiatic clams), and loss of shallow water
Sediments are needed to maintain floodplains,and wetland habitats. Proposed improvements in
shallow shoals, mudflats, mid-channel islands, andspring flows, channel hydraulics, wetland habitats,
contribute to maintaining and restoring riparian,and floodplain inundation should lead to a
wetland, and aquatic habitats. In the longer term,healthier and more productive aquatic foodweb.
sediments may play an important role in reversingImproved water quality and greater sediment
land subsidence on many Delta islands, retention in wetland, riparian, and floodplain

habitats will also increase foodweb productivity.
NATURAL FLOODPLAINS AND FLOOD
PROCESSES: Expand the Delta floodplain by VISIONS FOR HABITATS
setting back or removing portions of the levee.
This would enhance floodwater and sedimentTIDAL PERENNIAL AQUATIC HABITAT: Land
retention in the Delta and provide direct andreclamation in the Delta has reduced the area of
indirect benefits to floodplain dependent fish andtidal aquatic habitats such as small sloughs, ponds,
wildlife. Such floodplain expansion should alsoand embayments in tidal wetlands. Increased tidal
help alleviate flooding potential in other areas ofwetland acreage and associated aquatic habitats
the Delta. will provide additional valuable fish and

CENTRAL VALLEY STREAM
waterfowl habitats.

TEMPERATURES: During spring and fall, Delta
NONTIDAL PERENNIAL AQUATIC HABITAT:

channels are used by anadromous fish forIncreasing theareaofponds and lakes on leveed
migratingbetweenriversandthePacificOcean land in the Delta will provide needed habitats for
and are used as rearing areas as well. Untimelyshorebirds, waterfowl, and wildlife.
high water temperatures stress migrating fish by
delaying their movement or causing mortality.DELTA SLOUGHS: Increasing the number,
Improvements in riparian and SRA habitat alonglength, and area of dead-end and open-end
Delta channels would improve water temperaturessloughs in the Delta will benefit native fishes, as
in small but important increments in these areaswell as waterfowl, wildlife, and neotropieal
during critical fall and spring migrating periods,songbirds.
Higher inflow in late winter and early spring will
help delay warming of the Delta channels. MIDCHANNEL ISLANDS AND SHOALS:

Channel islands in the Delta have associated
DELTA CHANNEL HYDP,~ULICS: Confinement remnant shallow-water, wetland, and riparian
of Delta channels and use of channels to conveyhabitats that are valuable for fish and wildlife and
water across the Delta has led to reducedsensitive plants. Maintaining and restoring these
productivity and habitat value of Delta channels,islands is important given the lack of such habitats
Restoration of natural hydraulic conditions inand limited potential for creating new habitats

within the Delta channels.
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FRESH EMERGENT WETLAND HABITAT: ESSENTIAL FISH HABITAT: The Delta has been
Restoring tidal and nontidal marshes in the Deltaidentified as Essential Fish Habitat (EFH) based
will benefit foodweb productivity and water on the definition of waters currently or historically
quality. It will also provide important habitat for accessible to salmon (National Marine Fisheries
fish, waterfowl, wildlife, and sensitive plantService 1998). Key features of EFH to maintain or

I species and communities, restore in the Delta include substrate composition;
water quality; water quantity, depth and velocity;

SEASONAL WETLAND HABITAT: Increased channel gradient and stability; food; cover and

I seasonal flooding of leveed lands and floodhabitat complexity; space; access and passage; and
bypasses will provide important habitats forflood plain and habitat connectivity.
shorebirds, waterfowl, and raptors, particularly

i Swainson’s hawk, as well as native plants andAGRICULTURAL I-~NDS: Improving habitats on
wildlife. Flooding and draining of seasonaland adjacent to agricultural lands in the Delta will
wetlands also contributes to the aquatic andbenefit native waterfowl and wildlife species.

I terrestrial foodwebs of the Delta and Bay. Emphasizing certain agricultural practices (e.g.,
winter flooding and harvesting methods that leave

RIPARIAN AND RIVERINE AQUATIC some grain in the fields) will also benefit special-
HABITAT." Restoring riparian (waterside) status wildlife such as sandhill cranes.
vegetation corridors along levees and associated
SRA habitats will benefit many native fish and

VISIONS FOR REDUCING OR

i wildlife species dependent on this type of habitat.
ELI MI NATI NG STRESSORS

INLAND DUNE SCRUB: Protecting remaining
inland dune scrub habitat will protect special-WATER DIVERSIONS: Screening, consolidating,

i status wildlife populations and special plantreducing,and relocatingwater diversions
species, reduce loss of important fish and aquatic foodweb

organisms. These actions will also improve Delta

I PERENNIAL GRASSLANDS: and outflow and channel hydraulics. Relocating southProtecting
improving perennial grassland habitats will benefitDelta diversion and rehabilitating fish facilities
special-status wildlife populations, special statusshould greatly reduce the annual losses to these

I plants, and help adjoining wetland habitats, diversions. Improved screening at large Deltaprotect
power plants should reduce entrainment and

FRESHWATER FISH HABITAT: Freshwater fish impingement losses of many important Delta fish

I habitats are an important component needed tospecies.

ensure the sustainability of resident native and
anadromous fish species. The Delta providesLEVEES, BRIDGES,    AND    BANK

I floodplain pool ephemeral water habitat, sloughs,PROTECTION: Levee construction and bank

oxbow lakes, and backwater habitats, valley floor protection have led to the loss of riparian, wetland,

rivers which include the main channels of theand shallow-water habitat throughout the Delta.

I Sacramento and San Joaquin (Moyle and EllisonHabitat improvement on levees and shorelines

1991). The quality of freshwater fish habitat in theshould help restore biodiversity and ecological

Delta will be maintained through actions directedfunctions needed for aquatic and wildlife
resources of the Delta.I at streamflows, coarse sediment supply, stream

meander, natural floodplain and flood processes,
and maintaining and restoring riparian andDREDGING AND SEDIMENT DISPOSAL:

I riverine aquatic habitats and tidally influencedReducing the loss of and degradation to important

shallow water habitats, aquatic habitat and vegetated berm islands caused
by dredging activities would protect, restore, and
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maintain the health of aquatiE resources in andHARV~:ST OF FISH AND WILDLIFE: The legal
dependent on the Delta. and illegal harvest of fish may limit recovery of

some populations in the Delta and its watersheds.
|NVASIVE SPECIES: Over the past several Increasing enforcement will help reduce illegal
decades, the accidental introduction of manyharvest of striped bass and sturgeon in the Delta.
marine and estuarine organisms has greatlyIncreased enforcement and public education
changed the plankton and benthic (bottom andshould lead to reduced frequency of violations per
shore dwelling) invertebrates of the Delta. Thesecheck by enforcement personnel.
organisms come mainly from the ballast waters of
ships from the Far East. The introduction of theseSTRANDING: The loss of aquatic organisms,
invasive species has had further ramifications upprimarily fish species, will be better understood
the foodweb. Further changes can be expected ifand remedial actions developed and implemented.
restrictions are not made on ballast water releasesThe primary focus of this effort will be in the
into the San Francisco Bay and Delta. BorderYolo Bypass.
inspections and enforcement of regulations
regarding ballast water releases should reduce theDISTURBANCE: Boat traffic in the Delta
number of invasions each year to the Delta. Wherecontributes to the erosion of remaining shallow
invasive species have become a serious problem,water, riparian, and wetland habitats along Delta
possible means will be developed to control theirchannels. Reducing boat speeds and traffic in
distribution and abundance, channels where remnant or restored habitats are

susceptible to wave erosion damage would help
PREDATION ,AND COMPETITION: The preserve existing remnant habitat and ensure the
numbers of predatory fish at certain locations insuccess of habitat restoration efforts. Reduced
the Delta (e.g., Clifton Court Forebay) are highrates of erosion and loss of shoreline habitats
and contribute to the loss of resident andwould be expected in areas of reduced
anadromous fish. Reductions in these localdisturbance. Enforcement and/or stricter boating
predator concentrations may reduce predation onregulations on bilge pumping, refueling, and oil
important fish, ineludingjuvenile chinook salmon,changes will result in decreased contaminant
steelhead, striped bass, and delta smelt. Predatorloading and improve water quality. Boating also
control would also improve fish salvage at theadversely affect two critical biological events in
State Water Project facilities at Clifton Court the Delta: spawning seasons for fish, particularly
Forebay. Programs and projects that exclude fishshallow water spawners such as delta smelt, and
such as salmon and delta smelt from areas thatwintering periods for waterfowl and shorebirds.
harbor concentrations of predators will contribute
to reducing the adverse effects of predation. VISIONS FOR SPECIES

DELTA SMELT: The vision for delta smelt is toCONT/MVIINANTS: Reducingtoxin inputsin
discharges and from contaminated sediments isrecover this State-and federally listed threatened
essential to maintain water quality. Reducedspecies. Recovery of the delta smelt population in
concentrationswatersenteringtheDeltashould the Delta will occur through improved Delta
lead to lower concentrations in Delta water and ininflow, greater foodweb productivity, increased
fish and invertebrate tissues. Fewer healthareas and quality of aquatic habitats, including the
warningsfor humanconsumptionof Deltafish South Delta, and reduced effects of water
and improved foodweb productivity would also be diversions. Higher production should be apparent
expected, in dry and normal water year types in response to

improvementin flows, habitats, and foodweb and
to reductions in stressors.

~
~ c~
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LONGFIN SMELT: The vision for longfin smelt reduced effects of water diversions. Survival rates
is to recover this California species of specialthrough the Delta should increase. Numbers of
concern in the Bay-Delta estuary so that ityoung salmon rearing in the Delta should increase
resumes its historical levels of abundance and itswith improved winter-spring flows and wetland
role as an important prey species in the Bay-Deltahabitats.
aquatic foodweb. Achieving consistently high
production of longfin smelt in normal and wetterSTEEI.H~ TROUT: The vision for steelhead is
years, which historically produced more abundantto recover this federally listed threatened species.
juvenile populations (year classes), will be criticalSteelhead will benefit from improved Delta inflow
to the recovery of longfin smelt, and outflow, channel hydraulics, and increased

area of tidal marshlands. The vision is that
SPLITTAIL: The vision for splittail is to recover restoration of ecological processes and habitats,
this federally listed threatened species in order toalong with a reduction ofstressors, will contribute
contribute to the overall species richness andto stable and larger steelhead populations.
diversity and to reduce conflict between split-tail
protective measures and other beneficial uses ofL~MPREY: The vision for anadromous lamprey
water in the Bay-Delta. Recovery of the Deltais to maintain and restore population distribution
splittail population will occur through increasedand abundance to higher levels than at present.
flooding of floodplains, higher late-winter DeltaThe vision is also to better understand life history
inflow, and improved tidal aquatic and wetlandand identify factors which influence abundance.
habitats. Greater production of young would beBetter knowledge of these species and restoration
expected in dry and normal water year types, would ensuretheir long-term population

sustainability.
GREEN STURGEON: The vision for green
sturgeon is to recover this California species ofSACRAMENTO PERCH: The vision for the
special concern and to restore populationSacramento perch is to contribute to the recovery
distribution and abundance to historical levels,of this California species of special concern and to
Restoration of this species contributes to overallcontribute to the overall species richness and
species richness and diversity and reduces conflictdiversity. Although extirpated from the Delta,
between the need for protection for these speciesrestoration of Delta islands and heavily vegetated
and other beneficial of in the shallow habitats contribute itsuses water Bay- water may to
Delta. Green sturgeon would benefit fromrestoration.
improved ecosystem processes, including

streamflow to attract adults to spawning WHITE STURGEON: The vision for whiteadequate
habitat, transport larvae and early juveniles tosturgeon is to maintain and restore population
productive rearing habitat, and maintaindistribution and abundance to historical levels.
productivity and suitability of spawning andRestoration would support a sport fishery for
rearing habitat (including production of food), white sturgeon and contribute to overall species

richness and diversity and reduce conflict between
CHINOOK SALMON: The vision for chinook the need for protection of this species and other
salmon is to recover all stocks that are listed orbeneficial uses of water in the Bay-Delta.
proposed for listing under CESA or ESA. Central
Valley chinook salmon populations will increaseSTRIPED BASS: The vision for striped bass is to
with improved late-winter and spring flowsmaintain healthy populations, co.nsistent with
through the Delta, increases in wetland andrestoring natives species, to their 1960s levels of
floodplain habitats, lower spring waterabundance to support a sport fishery in the Bay,
temperatures, an improved aquatic foodweb, andDelta, and tributary rivers, and to reduce the
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conflict between protection of striped bass andBAY-DELTA FOODWEB ORGANISMS: The
other beneficial uses of water in the Bay-Delta.vision for the Bay-Delta aquatic foodweb
The striped bass population will benefit fromorganisms is to restore the Bay-Delta estuary’s
increased inflows to the Delta in late winter andonce-productive food base of aquatic algae,
spring, an improved aquatic foodweb, and reducedorganic matter, microbes, and zooplankton
effects of water diversions. Improvements incommunities. Restoring the Bay-Delta foodweb
water quality and reducing summer losses toorganisms would require enhancing plankton
diversions may be important in the long-termgrowth and evaluating the need to reduce loss of
recovery of striped bass. Given the highplankton to water exports, particularly in drier
reproductive capacity of striped bass,years. Several options exist for enhancing
improvements in production of young shouldplankton growth. Improving Delta inflow and
quickly follow improvements in flow and outflow in spring of drier years will be an essential
foodweb and reductions in stressors, element of any plan. Another important element

includes reducing the amount of toxic substances
AMERICAN SH/~: The vision for American entering the system which may adversely affect
shad is to maintain a naturally spawningfoodweborganisms.
population, consistent with restoring native
species, to support a sport fishery similar to theWESTERN SP,/~EFOOT: The vision for the
fishery that existed in the 1960s and 1970s.western spadefoot is to maintain this California
Central Valley American shad populations willspecies of special concern in the Bay-Delta.
benefit from improved spring Delta inflow and anAchieving this vision will contribute to overall
improved Delta aquatic foodweb. Populationsspecies richness and diversity and reduce conflict
would be expected to remain stable or increase,between the need for its protection and other
Increases would be expected in dry and normalbeneficial uses of land and water in the Bay-Delta.
rainfall years. Protecting and restoring existing and additional

suitable aquatic, wetland, and floodplain habitats
NON-I~a~TIVEW/M:IMWA’I’~R ~EFISH-" The and reducing the effect of other factors that can
vision for non-native warmwater gamefish is tosuppress breeding success will be critical to the
maintain self-sustaining populations, consistentrecovery of the western spadefoot. Restoration of
with restoring native species, in order to provideaquatic, seasonal wetland, and floodplain habitats
opportunities for consumptive uses such asin the Sacramento-San Joaquin Delta Ecological
angling. Management Zone will help recover this species

NATIVE RESIDENT FISH SPECIES: The vision
by increasing habitat quality and area.

¯ for native resident fish species is to maintain andC,aa.IFORNIA TIGER S~NDER: The
restore the distribution and abundance of nativevision for the California tiger salamander is to
species such as Sacramento blackfish, hardhead,maintain existing populations of this Federal
and tule perch. Many native fish species willcandidate species in the Bay-Delta. Achieving
benefit from improved aquatic habitats andthis vision will contribute to overall species
foodweb. Population abundance indices shouldrichness and diversity and reduce conflict between
remain stable or increase. The distribution ofthe need for their protection and other beneficial
native resident fishes should increase withuses of land and water in the Bay-Delta.
widespread habitat restoration. The extirpatedProtecting and restoring existing and additional
Sacramento perch could be restored to newsuitable aquatic, wetland, and floodplain habitats
habitats in the Delta. and reducing the effect of other factors that can

breeding success will be critical to thesuppress
recovery of the California tiger salamander.
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I Restoration of aquatic, seasonal wetland, andprotection for this species and other beneficial
floodplain habitats in theSacramento-SanJoaquinuses of land and water in the Bay-Delta.

I Delta Ecological Management Zone will helpProtecting existing and restoring additional
recover this species by increasing habitatqualitysuitable wetland and upland habitats will be
and area. critical to achieving recov.ery of the western pond

I turtle. The proposed restoration of aquatic,
CALIFORNIA RED-LEGGED FROG: The vision wetland, riparian, and upland habitats in the
for the California red-legged frog is to maintainSacramento-San Joaquin Delta Ecological

I populations of this federally listed threatenedManagement Zone will help in the recovery of
species. Achieving this vision will contribute tothese species by increasing habitat quality and
the overall species richness and diversity and toarea.

I reduce conflict between protection for this species
and other beneficial uses of land and water in theSWAINSON’S HAWK: The vision for the
Bay-Delta. Protecting existing and restoringSwainson’s hawk is to contribute to the recovery

I additional suitable aquatic, wetland, and riparianof this State-listed threatened species to conlxibute
habitats and reducing mortality from non-nativeto the overall species richness and diversity.
predators will be critical to achieving recovery ofImprovements in riparian and agricultural wildlife

I the Califomia red-legged frog. Restoration ofhabitats will aid in the recovery of the Swainson’s
aquatic, wetland, and riparian habitats in thehawk. Increased abundance and possibly some
Sacramento-San Joaquin Delta Ecologicalnesting would be expected in the Delta as a result

I Management Zone will help in the recovery ofof improved habitats.

this species by increasing habitat quality and
CALIFORNIA BLACK RAIL-" The vision for thearea.
California black rail is to contribute to the

I GIANT ~.-.-.-.-.-.-.-.-.~RTER SNAKE: The vision for the recovery of this State-listedthreatened species to
giant garter snake is to contribute to its recovery incontribute to overall species richness and

I order to contribute to the overall species richnessdiversity. Restoring emergent wetlands in the
and diversity. Achieving this vision will rbduceDelta should aid in the recovery of the California

the conflict between protection for this species andblack rail. Population abundance and distribution

I other beneficial uses of land and water in the Bay-should increase in the Delta.

Delta. Protecting existing and restoring additional
suitable wetland and upland habitats will beGREATER SANDHILL CRANE: The vision for

I critical to achieving recovery of the giant garterthe greater sandhill crane is to contribute to the

snake. The proposed restoration of aquatic,recovery of this State-listed threatened species is

wetland, riparian, and upland habitats in thethe Bay-Delta. Improvements in pasture lands and

I Sacramento-San Joaquin Delta Ecologicalseasonally flooded agricultural habitats, such as
flooded corn fields, should help toward recovery

Management Zone will help in the recovery ofof the greater sandhill crane population. The
this species by increasing habitat quality andpopulation should remain stable or increase with

I area. improvements in habitats.

WESTERN POND TURTLE: The vision for the
SHOREBIRDS AND WADING BIRDS: The

I western pond turtle is to maintain the abundance
and distribution of this California species of

vision for shorebird and wading birds is to

special concern in order to contribute to themaintain and restore healthy populations through

overall species richness and diversity. Achievinghabitat protection and restoration and reduction is

I stressors. Shorebirds and wading birds will benefit
this vision will reduce the conflict betweenfrom restoration of wetland, riparian, aquatic, and

I
~ cam~
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agricultural habitats. The extent of seasonal use ofadditional suitable grassland, seasonal and
the Delta by these birds should increase, emergent wetland, midchannel island and shoal,

and riparian habitats, and improving management
RIPARIAN BRUSH RABBIT: The vision for the of agricultural lands and reducing the effect of
riparian brush rabbit is to contribute to thestressors that can suppress breeding success will
recovery of this State-listed endangered species inbe critical to maintaining healthy upland game
the Bay-Delta through improvements in riparianpopulations in the Bay-Delta.
habitat and reintroduction to its former habitat.
Restoring suitable mature riparian forest,NEOTROPICAL MIGRATORY BIRDS: The
protecting and expanding the existing population,vision for the neotropical migratory bird guild is
and establishing five new populations will beto restore and maintain healthy populations of
critical to the recovery of the riparian brush rabbit,neotropical migratory birds through restoring
Restoration of riparian habitats in the South Deltahabitats on which they depend. Protecting existing
Ecological Management Unit of the Sacramento-and restoring additional suitable wetland, riparian,
San Joaquin Delta Ecological Management Zoneand grassland habitats will be critical to
and the East San Joaquin Basin Ecologicalmaintaining healthy neotropical migrant bird
Management Zone and adjacent upland plantpopulations in the Bay-Delta. Large-scale
communities will help the recovery of this speciesrestoration of nesting habitats will help reduce
by increasing habitat area and providing refugenest parasitism and predation by creating habitat
from flooding, conditions that render neotropical birds less

WATERFOWL: The vision for waterfowl is to
susceptible to these stressors.

maintain and restore healthy populations at levelsLa~GE°S M~t’AL~K BUTTERFLY: The
that can support consumptive (e.g., hunting) andvision for Lange’s metalmark butterfly is to
nonconsumptive (e.g., birdwatching) usesrecover this federally listed endangered species by
consistent with the goals and objectives of theincreasing its distributing and abundance through
Central Valley Habitat Joint Venture as part of thehabitat protection and restoration.
North American Waterfowl Management Plan.
Many species of resident and migratory waterfowlDELTA GREEN GROUND BEETLE: The vision
will benefit from improved aquatic, wetland,for the delta green ground beetle is to contribute to
riparian, and agricultural habitats. Increase use ofthe recovery of this federally listed threatened
the Delta and possibly increases in somespecies by increasing its populations and
populations would be expected, abundance through habitat restoration.

PLANT SPECIES AND COMMUNITIES: The VALLEY ELDERBERRY LONGHORN BEETLE:
vision for plant species and communities is toThe vision for the valley elderberry longhorn
protect and restore these resources in conjunctionbeetle is to recover this federally listed threatened
with efforts to protect and restore wetland,species by increasing its populations and
riparian, grassland, and upland habitats, abundance through habitat restoration.

UPLAND GAME: The vision is to maintain WESTERN YELLOW-BILLED CUCKOO: The
healthy populations of upland game species atvision for the western yellow-billed cuckoo is to
levels that can support both consumptive (e.g.,contribute to recovery of this State-listed
hunting)    and    nonconsumptive    (e.g.,endangered species. There is no recent occurrence
birdwatching) uses, through protection andinformation for the yellow-billed cuckoo in the
improvement of habitats and reduction inDelta. However, the cuckoo would become
stressors. Protecting and restoring existing andreestablished in the Delta and will benefit from

~ cJa~m
Volume I1: Ecosystem Resto, ration Program Plan

~y~^ Sacramento-San Joaquin Delta Ecological Management Zone Vision

79                                             June 1999

C~019509
C-019509



¯ improvements in riparian habitats. ImprovementsConservancy’s Cosumnes River and Jepson
will result from efforts to protect, maintain, andPrairie Preserves, the USFWS’s Stone Lakes

I restore riparian and riverine aquatic habitatsRefuge, the DFG’s Yolo Basin Wildlife Area, East
throughout the Delta. Bay Park’s Big Break and Little Franks Tract

recreation areas, and outreach programs that

I INTEGRATION WITH compensate private landowners who improve
wildlife management of their lands. The U.S.

OTH ER RESTORATION Army Corps of Engineer’s program to mitigate for

I PROGRAMS habitat losses from levee protection in the Delta
should coordinate closely with the restoration

Attaining the vision for the Delta will involve aprogram.

I long-term commitment with short-term and long-
term elements. Short-term elements includeMuch of the infrastructure to implement the vision

for the Delta now exists. Existing programs couldfeatures that can and need to be implemented as

I quickly as possible either because of a long-implement many of the restoration actions

standing need or a pressing opportunity. Planoutlined in this vision. In areas where cooperative

elements where need, priority, technical andagency and stakeholder efforts do not now exist,

I engineering feasibility, or cost effectiveness aresuch organizations can be developed to help

questionable would be long-term. However, even implementthe program. Cooperative efforts where

long-term elements would in most cases benefitagencies have formed partnerships to restore

I from short-term pilot studies that would addressvaluable aquatic, wetland, and riparian habitats in

need, feasibility, science, and cost effectiveness,the east Delta would be supported and used as a
model for other similar efforts (e.g., the Cosumnes

I Changes in freshwater inflow patterns to the DeltaRiver Preserve, with the Nature Conservancy and

is a long-standing need; however, withoutDucks Unlimited). Other examples include the

developed supplies, the prescribed spring flowsestablishment of wildlife refuges at Stone Lakes

I may not be possible in all year types. In the short-and the Yolo Bypass, each with multiple partners

term, efforts would be made to provide the flowsand commitments. The California Department of

with available CVP water supplies in Shasta,Water Resources, DFG, and the U.S. Fish and

I Folsom, and New Melones Reservoirs using waterWildlife Service (USFWS) own considerable

prescribed by the Central Valley Project properties in the Delta (e.g., West Sherman Island

Improvement Act (§3406 b2 water) and additional Wildlife Area), which with funding support can be

water purchased from willing sellers (CVPIA restored or upgraded to fit the vision. The

I §3406 b3 or CALFED purchased water). The InteragencyEcologicalProgram(IEP) is an

effectiveness of water dedicated for such purposesestablished research and monitoring unit that, with

would be maximized through use of tools such assupport, can accomplish the expanded evaluation

water transfers. In the long term, additionalandmonitoring needs.

environmental water supplies may be needed to
meet all flow needs. ENDANGERED SPECIES RECOVERY

I PLAN IMPLEMENTATION
Related programs in this Ecological Management
Zone include the CVPIA and Anadromous The ERPP will be an important, if not major,

I Restoration the SB 34 levee component in the successful implementation ofFisheries Program,
subvention program, Central Valley Habitat Jointrecovery measures for species listed under either
Venture, the Riparian Habitat Joint Venture (athe State or Federal ESAs. For example, many of

I effort), Ducks the targets and programmatic actions listed later inmultiagency cooperative
Unlimited’s Valley Care program, the Naturethis section are derived from existing recovery
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plans. Two plans of major importance include theacquiring fee-title or conservation easements and
Recovery Plan for the Sacramento/San Joaquinto enhance waterfowl habitat in wetlands and
Delta Native Fishes (U.S. Fish and Wildlifeagricultura! lands. Joint Venture objectives and
Service 1996) and the NMFS Proposed Recovery targets have been adopted by the ERPP.
Plan for the Sacramento River Winter-run
Chinook Salmon (National Marine Fisheries SAN JOAQUIN COUNTY HABITAT
Service 1997). CONSERVATION PLAN

Because the ERPP addresses endangered speciesThe San Joaquin County Habitat Conservation
from a broader ecosystem perspective, manyPlan is nearing completion and describes
restoration actions will benefit broad speciesmechanisms for offsetting past and future impacts
communities and the habitats upon which theyassociated with land use changes. The habitat
depend. These include actionsto benefit aquaticconservation plan outlines an approach for
and terrestrial fish and wildlife species as well asacquiring lands using preservation criteria.
special plants and plant communities.

DELTA WILDLIFE HABITAT
PROTECTION AND RESTORATION

CENTRAL VALLEY PROJECT PLAN
IMPROVEMENT ACT

While not a formal plan, this plan is used to guide
Restoring and maintaining ecological processesCalifornia Department of Fish and Game (DFG),
and functions in the Delta Ecological ManagementUSFWS, and other agencies’ programs to wisely
Zone will augment other important ongoing anduse and protect riparian and wetland habitats in
future restoration efforts for the zone. Thethe Bay and Delta. Its goals are to protect and
Anadromous Fish Restoration Program of theimprove habitat and inform the public of the
CVPIA (USFWS 1997) has a goal to double the magnitude of problems that threaten wildlife and
natural production of anadromous fish in thetheir habitat. It also provides mechanisms for
system over the average production during 1967cooperation between local governments and State
through 1991. CVPIA authorized the dedicationand federal agencies.
and management of 800,000 af of CVP yield
annually for the purpose of implementing the fish,CALFED BAY-DELTA PROGRAM
wildlife, and habitat restoration purposes and
measures that include water purchased for inflowCALFED has funded over 20 ecosystem
to and outflow from the Delta. restoration projects in the Sacramento-San

Joaquin Delta. Many of these projects deal with
CENTRAL VALLEY HABITAT JOINT restoration of tidal aquatic habitat and screening of

VENTURE water diversions. Two of the more significant
projects address the land subsidence problem, by

The Central Valley Habitat Joint Venture is astudying methods to return the land to its pre-
component of the USFWS’s North American disturbance elevation. Department of Water
Waterfowl Management Plan, with funding andResources is allowing biomass to accumulate on
cooperative project participation by federal, State,Twitchell Island to reverse the subsidence. In
and private agencies. New funding sources,another project, the United States Geological
including CALFED restoration funds, are beingSurvey is studying the movement and availability
sought to implement the Joint Venture. The Jointof sediment supplies in the Delta.
Venture has adopted an implementation plan that
includes objectives to protect wetlands by
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LI N KAGE TO OTH ER Class Description
ECOLOGICAL ¯ Target for which additional research,

MANAGEM ENT ZONES demonslration, and evaluation is needed
to determine feasibility or ecosystem

I response.
Realizing the vision in this Ecological~ Target which will be implemented in
Management Zone depends in part on achieving stages with the appropriate monitoring
the targets in the Sacramento River, Eastside Delta to judge benefit and success.I Tributaries, Yolo basin, and San Joaquin River ~,~ Target thathassufficientcertainty of

Ecological Management Zones. Targets in the success to justify full implementation in
Suisun Marsh/North San Francisco Bay accordance with adaptive management,

I Ecological Management Zone should be pursued program priority setting, and phased
in combination with the Delta to restore important implementation.
rearing habitats, reduce the introduction of
contaminants, and control the introduction of non-
native aquatic species. Meeting the flow needs for
the Sacramento, Feather, Yuba, American,

I Mokelumne, Stanislaus, Tuolumne, and Merced ECOLOGICAL PROCESSES
rivers is essential to the Delta freshwater inflow
needs. Aquatic, riparian, and wetland corridors in CENTRAL VALLEY STREAMFLOWS

I the Yolo and Eastside Delta Tributaries Ecological
Management Zones are also directly linked andGENERAL TARGET: The general target is to
integral to habitat corridors in the Delta. more closely approach the natural (unimpaired)

I seasonal Delta outflow patterns that:
One important ecological process that needs
further evaluation is sediment. The sediment̄ transport sediments,

I budget of the Delta is of particular interest and
there is a need to quantify sediment input,̄ stimulate theestuaryfoodweb,

sediment depositional patterns in the Delta, and̄ provide for up and downstream fish passage,
sediment output.

¯ contribute to riparian vegetation succession,

RESTORATION TARGETS, ¯ transport larval fish to the entrapment zone,

I ¯ maintain the and naturalPROGRAMMATIC entrapmentzone

ACTIONS salinity gradient, and

I ¯ provide adequate attraction and migrating
Targets developed for the Sacramento-San flows for salmon, steelhead, American shad,
Joaquin Delta Ecological Management Zone (and white sturgeon, green sturgeon, lamprey

i the 13 other ecological management zones) can be striped bass, split-tail, delta smelt, and longfin
classified by their reliability in contributing to smelt.
attainment of the Strategic Objectives. The target

I classification system used in the following sectionBesides seasonal peak flows, low and varying
is as follows: flows are also essential elements of the natural

Delta outflow pattern to which native plant and

i animal species have adapted. Specific targets for
different flow pattern attributes may vary with the
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different storage and conveyance altematives ¯ Mokelumne, Calaveras, and San Joaquin
being considered in the CALFED Program. tributary pulsed flows prescribed under the

May 1995 Water Quality Control Plan, and
T~GL~" 1 : Provide a March outflow that occurs ¯ supplemental flows.from the natural late-winter and early-spring peak
inflow from the Sacramento River. This outflow
should be at least 20,000 cfs for 10 days in dry

T~GET 3: Provide a fall or early winter outflow

years, at least 30,000 cfs for 10 days in below-
that approximates the first "winter" rain through
the Delta (~).normal water years, and 40,000 cfs for 10 days in

above-normal water years. Wet-year outflow is PROGP,/M~II~TIC Ae’nON ~IA: Allow the first
generally adequate under the present level of
development (~’): "significant" fall/winter natural flow into the

Delta (most likely either from rainfall or from
PaOGi~ad~IMATIC ACTION ’IA-" Prescribed      unimpaired flows from tributaries and lower

watersheds below storage reservoirs or from flowsoutflows in March should be met by the
recommended by DFG and the Anadromous Fish

cumulative flows of prescribed flows for the Restoration Program [AFRP]) to pass through the
Sacramento, Feather, Yuba, and American rivers. Delta to the San Francisco Bay by limiting waterAssurances must be obtained (e.g., to limit Delta
diversions) that these prescribed flows will be

diversions for up to 10 days. (No supplementary
release of stored water from reservoirs would be

allowed to contribute to Delta outflow. A portion required above that required to meet flows
of the inflow would be from base (minimum) prescribed by DFG and AFRP.)
flows from the east Delta tributaries and the San
Joaquin River and its tributaries. T~GET 4"- Provide a minimum flow of 13,000

cfs on the Sacramento River below Sacramento inTAaG~:T 2: Provide a late-April to early May May of all but critical years (U.S. Fish and
outflow that emulates the spring inflow from the

Wildlife Service 1995) (~).San Joaquin River. The outflow should be at least
20,000 cfs for 10 days in dry years, 30,000 cfs in PROGRAMMATIC ACTION 4A: Supplement
below normal years, and 40,000 cfs in above flows in May of all but critical years as needednormal years. These flows would be achieved

from Shasta,Oroville,andFolsomreservoirstothrough base flows from the Sacramento River
maintain an inflow of 13,000 cfs to the Delta.

and flow events from the Mokelumne, Calaveras,
Stanislaus, Tuolumne, and Merced rivers (~). ~I TIONAI.~," Changing the seasonal pattern of

PROGRAMMATIC ACTION 2A: Prescribed freshwater flows into and through the Delta will

outflows in late April and early May should be help restore the Delta’s ecosystem processes and
functions. This ecosystem restoration is

met by the cumulative prescribed flows from the fundamental to the health of aquatic, wetland, and
Stanislaus, Tuolumne, and Merced rivers (see East
San Joaquin Basin Ecological Management Zone),

riparian resources.

and Mokelumne and Calaveras rivers (see Providing Delta outflow at the prescribed level in
Eastside    Delta    Tributaries    Ecological dry and normal years in March will provide the
Management Zone). It will be necessary to obtain following benefits:
assurances that these prescribed flows are allowed
to contribute to Delta outflow. The flow event
would be made up of:

¯ improve survival of juvenile chinook salmon
rearing in and passing downstream through

¯ the Cosumnes River,                              the Delta,
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¯ provide attraction flows to adult winter-run prescribed pulse flow in the 1995 Water Quality
and spring-run chinook salmon, steelhead, Control Plan with additional waters purchased
striped bass, white and green sturgeon, from willing sellers on the Mokelumne, Stanislaus,
splittail, and American shad migrating Tuolumne, and Merced rivers.
upstream through the Delta to spawning
grounds in the Sacramento River and its Restoring the natural first "fall"flow through the
tributaries, Delta will provide the following benefits:

¯ provide attraction flows for longfin and delta ¯ support spring-run and other chinook salmon,
smelt moving upstream within the Delta to steelhead, and American shad juveniles
spawn in the Delta, migrating from the mainstem rivers and

tributaries in passing through the Delta to the
¯ provide downstream passage flows for Bay,

steelhead, splittail, longfin smelt, and delta
smelt to move through the Delta to the San ¯ provide attraction flows for adult fall-run and
Francisco Bay, late-fall run chinook salmon, splittail, longfin

smelt, delta smelt, and steelhead migrating
¯ help maintain lower water temperatures upstream into or through the Delta, and

further into the spring to benefit adult and
juvenile salmon, steelhead, longfin smelt,

¯ reduce losses of migrating juvenile fish in

delta smelt, and splittail,
south Delta pumping plants.

¯ stimulate thefoodweb in the Delta and Bay,
Maintaininga minimum inflow ell3,000 cfsfrom
the Sacramento River in May will help maintain
survival and transport of striped bass eggs and¯ reducepotential effects oftoxins released into larvae, and white and green sturgeon from the

Delta waters, Sacramento River above Sacramento into the
Delta. This flow will also benefit remaining

promotegrowth of riparian vegetationalong
downstream migrating juvenile chinook salmonDelta waterways, and
and steelhead from the Sacramento River and its
tributaries, as well as upstream migrating winter-reduce loss of eggs, larvae, andjuvenile fish

into south Delta water diversions,                and spring-run chinook salmon and American
shad Supplemental average monthly storage
releases of up to 2,500 cfs for 30 days (150,000

Supplementing an existing prescription for late
April-early May pulse flow through the Delta from total acre-feeO may be necessary in dry years to

the San Joaquin River will assist juvenile San
meet this requirement. In normal and wet years,
flows would generally exceed 13,000 cfs.Joaquin chinook salmon and steelhead moving

through the Delta to the Bay. The added flow will
Implementation of this action requires the

also help transport Delta and San Joaquin
development and application of an adaptive

plankton and nutrients that have built up during
management program that includes development
of testable hypothesis and implementation of a

the spring to the western Delta and Suisun Bay monitoring program to collect and analyze the
where they will stimulate the spring foodweb on data to evaluate the hypothesis.
which of the important fish species living inmany
the Delta depend In addition, this flow will

Providing for larger flows during the seasons withprovide many of the same benefits described when those flows occurred historically,
particularly in normal or dry years, will helpabove for the March flow event. The flow event

would be provided by supplementing the       restore important ecological processes and
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functions that create and maintain habitat in the transport should match channel and floodplain
Delta. Delta channel maintenance, sediment and characteristics of individual rivers, streams, and
nutrient transport, and introductions of plant tidal sloughs. A specific sediment management
debris aresomeexamplesofprocesses improved objective is to redistribute sediment in the
by flow events. Spring flow events in dry and watersheds and valley components of the
normal years will help sustain riparian and ecosystem. An appropriate level, rate, and size of
wetland vegetation, sediment shouM be redistributed to match specific

habitat requirements and ecological functions.
COARSE SEDIMENT SUPPLY

NATURAL FLOODPLAIN AND
TARGET 1 : Maintain sediment supply to the FLOOD PROCESSES
Delta from upstream areas at levels needed to
maintain existing habitats and to contribute toTARGET 1 : Expand the floodplain area in the
present and future efforts to reverse subsidence onNorth, East, South, and Central and West Delta
Delta islands. Ecological Management Units by putting

approximately 10% of leveed lands into the active
PROGRAMMATIC ACTION 1A’- Develop a floodplain of the Delta (,~).
cooperative investigation to determine the existing
sediment budget in the Delta based on sedimentPROGRAMMATIC ACTION 1/~.: Convert leveed
input, use within the Delta, and sediment output,lands to tidal wetland/slough complexes in the

North Delta Ecological Management Unit.
RArtONAI.E," Natural sediments of streams, Permanently convert island tracts (Little Holland,
rivers, and estuaries consist of mineral and Liberty, and Prospect) at the south end of the Yolo
organic silts, sands, gravel, cobble, and woody Bypass to tidal wetland/slough complexes.
debris. These materials naturally enter, deposit, Convert small tracts along Snodgrass Slough to
erode, and are transported through the Bay-Delta tidal wetland/slough complexes. Construct setback
and its watershed Sediment, like water, is one of levees along Minor, Steamboat, Oxford, and Elk
the natural building blocks of the ecosystem. Sloughs.
Many other ecological processes and functions,
and habitats and species require specific types PROGRAMMATIC ACTION 1 B: In the East
and amounts of sediment and the habitats Delta Ecological Management Unit, construct
sediments create, setback levees along the South Mokelumne River

and connecting dead-end sloughs (Beaver, Hog,
Finer sediments are important in the natural and Sycamore).
development of riparian and wetland habitats.
Major factors that influence the sediment supply PROGRAMMATIC ACTION 1 C: Remove levees
in the Bay-Delta and its watersheds include many that hinder tidal and floodflows in the headwater
human activities such as dams, levees, and other basins of east Delta dead-end sloughs (Beaver,
structures, dredging, and gravel and sand mining. Hog, and Sycamore) and allow these lands to be

subject to flood overflow and tidal action.
River-transported sediments are an essential
component of the physical structure and nutrient PROGRAMMATIC ACTION 1 D: Convert deeper
base of the Bay-Delta ecosystem and its riverine subsided (sunken) lands between dead-end
andtidalarteries. The size, volume, and seasonal sloughs in the East Delta Ecological Management
timing of sediments entering the riverine and Unit east of the South Mokelumne River channel
estuarine systems should be compatible with both either to overflow basins and nontidal wetlands or
natural and altered flow regimes. Sediment to land designated for agricultural use.
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I
I PROGRAMMATIC ACTION 1 E: Construct PROGRAMMATIC ACTION 1A: Improve

setback levees in the South Delta Ecologicalriparian woodland habitats along migrating

I Management Unit along the San Joaquin Riverchannels and sloughs of the Delta.
between Mossdale and Stockton.

PROGRAMMATIC ACTION 1 B-" Improve SRA

I PROGRAMMATIC ACTION 1F: Convert habitat along migration routes in Delta.
adjacent lands along the San Joaquin River
between Mossdale and Stockton either to overflow P~ TtONALE: Maintaining water temperatures of

I basins and nontidal wetlands or to land designatedless than 60 °F in the spring and 65 °F in the fall
for agricultural use. can improve survival of juvenile chinook salmon

rearing in or migrating through the Delta.

I PROGRAMMATIC ACTION 1 G: Construct Maintaining maximum daily water temperatures
setback levees on comers of Delta islands alongin the channels and sloughs of the Sacramento-
the San Joaquin River channel in the Central andSan Joaquin Delta EcologicalManagement Zone

I West Delta Ecological Management Unit. Openof less than 66 °F in the fall will ensure healthy
leveed lands to tidal action where possible alongconditions for upstream migrating adult chinook
the margins of the West Delta Ecologicalsalmon andearlyemigratingjuveniles, lmproved

I Management Unit. riparian habitat along Delta channels and the
spring flow events should maintain cooler spring

RATtONALE: Subjecting approximately 10% of temperatures in dry and normal years. Improved

I existing Delta leveed lands to tidal action and riparian and SRA habitat will help to maintain
floodflows will greatly enhance the floodwater and lower Delta water temperatures from spring
sediment retention capacity of the Delta. The through fall.

i tracts at the south end of the Yolo Bypass, along
the South Mokelumne River, and along the San DELTA CH/M~INEL HYDRAULICS
Joaquin River channel are logical choices for this

i because they have limited levee systems and are TARGET 1 : Reestablish more natural internal
already at high flood risk. These lands have had Delta water flows in channels (,~,).
limited subsidence and offer good opportunities
for restoring tidal wetland/slough complexes. PROGRAMMATIC ACTION 1A: ReduceI velocities in selected Delta channels by increasing
The other significant area for setbacks is along cross-sectional areas of channel by means of
the main channel of the San doaquin setback levees or by constricting flows into andI "Cutting corners on some out the channels.River. islandswhere of
the levee length to land area maintained is now
high would reduce levee construction and PROGR/MVIIVI~TIC ACTION 1B: Increase tidalI maintenance, flow and cross-Delta transfer of water to south

Delta pumping plants to selected channels to
CENTRAL VALLEY STRF-/MV! lessen flow through other channels.

I TEMPERATURES
PROGRAMMATIC ACTION 1C: Manage the

TARGET 1 : More frequently maintain daily water operation of existing physical barriers SO that

I in the Delta channels below 60°F in resulting hydraulics upstream and downstream oftemperatures
the spring and 65°F in the fall to meet thethe barrier are more like levels in the mid-1960s.
temperature needs of salmon and steelhead

I migrating through or rearing in the Delta (4~). PROGRAMMATIC ACTION 1 D: Close the DCC
when opportunities allow, as specified in the 1995
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Water Quality Control Plan and recommended by bypass from the Fremont and Sacramento weirs.
the U.S. Fish and Wildlife Service (1995), in the The channels would maintain a base flow through
period from November through January when the spring to allow juvenile anadromous and
appropriate conditions trigger closure (i.e., resident fish to move from rearing and migratory
internal Delta exports are occurring), areas.

TARGET 2: Restore hydrodynamic conditions in PROGRAMMATIC ACTION 4B-" Reduce flow
the rivers and sloughs of the Delta sufficient to constrictions in the Yolo Bypass such as those in
support targets for the restoration of aquatic the openings in the railway causeway that parallels
resources (~). Interstate 80.

PROGRAMMATIC ACTION ~/~.: Restore 3,000 igutlT/ONAI.E: Internal Delta hydraulics have
to 4,000 acres of tidal perennial aquatic habitat been highly modified since the early 1950s.
and 20,000 to 25,000 acres of tidally influenced Adverse hydraulic action has created poor
freshwater marsh. (Note: These recommendations conditions for sustaining spawning, rearing, and
are contained within programmatic actions foodweb production in the Delta and for the
presented in this section for tidal perennial transport of larval fish such as delta smelt and
aquatic habitat and fresh emergent wetland (tidal) striped bass; (U.S. Fish and Wildlife Service 1994
and are not additions to acreages presented in the Delta Smelt Biological Opinion," U.S. Fish and
targets and programmatic actions for habitat.) Wildlife Service 1995 Delta Smelt Opinion on the

1995 Water Quality Control Plan; U.S. Fish and
TARGET 3: Maintain net downstream flows in Wildlife Service 1995; Independent Scientific
the mainstem San Joaquin River from Vernalis to Group 1996).
immediately west of Stockton from September
through November to help sustain dissolved Restoring hydraulic conditions within the Delta by
oxygen levels and water temperatures adequate for modifying physical barriers in the Delta will
upstream migrating adult fall-run chinook salmon support natural transport functions, reduce
( ~ ). entrainment (in diversions) into parts of the Delta

where survival is low, and assist in transporting
PROGRAMMATIC ACTION 3A: Operate a juvenile fish into and through the Delta to highly
barrier at the head of Old River from August productive nursery areas in the western Delta and
through November. Suisun Bay. Modifying DCC operation will restore

historical hydraulic conditions in lower
TARGET 4: Restore 50 to 100 miles of tidal Mokelumne channels of the north Delta (U.S. Fish
channels in the southern Yolo Bypass within the and WiMlife Service 1994 Delta Smelt Biological
north Delta, while maintaining or improving the Opinion; U.S. Fish and Wildlife Service 1995
flood carrying capacity of the Yolo Bypass (~). Delta Smelt Opinion on the 1995 Water Quality
(Note: This target is in addition to targets and Control Plan; U.S. Fish and Wildlife Service
programmatic actions presented in the Delta 1995). Internal Delta hydraulics can be improved
Slough habitatsection.) through several operational or structural

approaches. The removal of structural barriers
OROGRAMMATIC ACTION 4A: Construct a that alter internal Delta hydraulic patterns may be
network of channels within the Yolo Bypass to possible, depending on which alternative is
connect the Putah and Cache Creek sinks, and selected
potentially the Colusa drain, to the Delta. These
channels should effectively drain all flooded lands Maintaining adequate flows past Stockton will
in the bypass after floodflows stop entering the improve existing harmful conditions of low
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dissolved oxygen and high water temperatures PROGRAMMATIC ACTION 1A’- Actions
that can hinder the upstream movement of adult described above to restore streamflow, floodplain
San Joaquinfall-run chinook salmon. In addition, flooding, Delta hydraulics, tidal wetlands and
improved flows past Stockton will reduce straying sloughs, and riparian habitat would increase
of adult salmon into Central and South Delta primary and secondary productivity in the Delta.
channels (California Department of Fish and Relocating the intake of the South Delta pumping
Game 1972). plants to the North Delta would also increase

Delta productivity.
Improving the channel network in the Yolo Bypass
will improve the migration pathway for salmon t~rlOt~d.~: Increasing the area of tidal
produced in Putah and Cache creeks, as well as wetland/slough habitat and the residence time of
for upper Sacramento River salmon using the Yolo Delta waters will increase primary and secondary
Bypass as a pathway to the Delta. A well-drained productivity. More flooding of floodplains will
system with permanent sloughs will keep juvenile provide more nutrients and organic carbon inputs
salmon from being stranded in the bypass when to Delta waters. Relocating the intakes of the
flows stop. Permanent sloughs will provide South Delta pumping plants will increase the
valuable juvenile salmon rearing habitat in late residence time of Central and South Delta waters
winter and early spring, and allow more of the highly productive San

Joaquin waters to be retained in the Delta.
Improving habitats along riparian corridors in the
Yolo Bypass will provide additional spawning and HABITATS
rearing habitat for splittail and rearing and
migration habitat for juvenile chinook salmon and GENERAL RATIONALE
perhaps for delta smelt and other native resident
fishes. Conditions will also improve for wildlife Restoring wetland and riparian habitats along
and waterfowl, with tidal perennial aquatic habitats is an

essential element of the restoration strategy for
Restoring connections among Delta channels, the Sacramento-San Joaquin Delta Ecological
freshwater marsh, and seasonal wetland habitats Management Zone. The general approach for
will enhance habitat conditionsforspecial-status habitat restoration is to mimic to the extent
species as splittail. Restoring feasible a well-connected mosaic of aquatic andsuch the this habitat
connectivity in a large-scale mosaic in the North riparian habitats. In some areas, these habitat
Delta will help restore the ecosystem processes should be a contiguous as possible avoiding small

habitat patches in favor of larger. Habitatand functions fundamental to supporting the
foodweb and will improve conditions for rearing corridors in the Delta should be emphasized that
chinook salmon, steelhead, sturgeon, juvenile interconnect with habitat corridors on the main

stem Sacramento and San Joaquin rivers as welldeltasmelt,stripedbass,andsplittail (Fahrig and
Merriam 1985). as the eastside tributaries such as the Mokelumne

River.
BAY-DELTA AQUATIC FOODWEB

The extent and distribution of the land-water
TARGET 1: Increase primary and secondary interface (contact)between aquatic habitats and
nutrient productivity in the Delta to levels interconnectedwetland andriparian habitats have
historicallyobservedinthe 1960sand early 1970s been altered since the mid-1850s by Delta
(’)" reclamation. Since 1906, the amount of land-

has been reduced 32% in the Eastwater interface
Delta Ecological Management Unit, 25% in the

~ ~
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South Delta Ecological Management Unit, and acres of shallow-water habitat in the South Delta
45% in the Central and West Delta Ecological Ecological Management Unit; and 2,500 acres of
Management Unit. shallow-water habitat in the Central and West

Delta Ecological Management Unit (~).
Increasing the ratio of land-water interface and
increasing the shoreline perimeter will help PROGRAMMATIC ACTION
restore a complex habitat mosaic on a large scale acres of shallow-water habitat at Prospect Island
in the Delta. This will support essential ecosystem in the North Delta Ecological Management Unit.
processes and functions. These measures are also
fundamental to supporting the foodweb and PROGRAMMATIC ACTION 1B: Restore 1,000
improving conditions for rearing chinook salmon, acres of shallow-water habitat in the downstream
steelhead, sturgeon, delta smelt, striped bass, and (south) end of the Yolo Bypass (Little Holland
splittail. Foodweb support functions for wildlife and Liberty islands) within the North Delta
will also benefit (Cummins 1974; Clark 1992). Ecological Management Unit.

Restoring high-quality freshwater marsh and PROGR/MVIMATiC ACTION lC: Restore 1,000
brackish water marsh, both seasonal and acres of shallow-water habitat at the eastern edge
permanent, will increase the production and of the East Delta Ecological Management Unit
availability of natural forage for waterfowl and where existing land elevations range from 5 to 9
other wildlife. This restoration will also increase feet below mean sea level.
the overwinter survival rates of wildlife that
winter in this Ecological Management Zone and PROGRAMMATIC ACTION 1 D: Restore 2,000
willstrengthen them for migration, thus improving acres of shallow-water habitat at the south and
their breedingsuc~ess. Expanding these habitats eastern edge of the South Delta Ecological
will also reduce the amount and concentrations of Management Unit where existing land elevations
contaminants that could, upon entering the range from 5 to 9 feet below mean sea level.
Delta’s sloughs, damage the health of the aquatic
resources. PROGRAMMATIC ACTION 1

acres of shallow-water habitat in the Central and
The restoration of all habitats will be within the West Delta Ecological Management Unit where
structureof adaptivemanagement.The program existingland elevations range from 5 to 9 feet
will move forward in a step-wise progression, below mean sea level. A program of fill placement
Each element will be designed with a testable or longer-term subsidence reversal may be needed
hypothesis and a monitoring program to collect to accomplish this action.
the scientific data needed to evaluate the
hypothesis will be in place. Implementation will PROGRAMMATIC ACTION 1 F’- Restore Frank’s
begin on a small scale and depending on the Tract to a mosaic of habitats using clean dredge
monitoring results will either continue or be materials and natural sediment accretion.
modified based on results of completed projects.

TARGET 2: Restore 500 acres of shoals in the
TIDAL PERENNIAL AQUATIC westernmost portion of the Central and West Delta

HABITAT

TARGET 1 : Restore 1,500 acres of shallow-waterPROGRAMMATIC ACTION 2A: Implement a
habitat in the North Delta Ecological Managementsediment management program that results in
Unit; 1,000 acres of shallow-water habitat in thedeposition and accretion within portions of
East Delta Ecological Management Unit; 2,000Central and West Delta channels and bays,
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I forming 500 acres of shallow shoal habitat Ecological Management Unit. Developing the
restored to tidal influence, tract must also occur in conjunction with the

¯ control or eradication of introduced, nuisance
¯ RATIONALE: Restoring, improving, and aquatic plants for restoration to be most beneficial

protecting high-quality shallow-water habitat will to native species.

I provide greater foraging areas for rearing
juvenile fish and waterfowl in this Ecological NONTID/M. PERENNIAL AQUATIC
Management Zone. These areas typically provide HABITAT

I high primary and secondary productivity and
support nutrient cycling that sustains good forage. TARGt=T 1 : Develop 500 acres of deep open-
These areas also provide good forage for water areas (more than 4 to 6 feet deep) within

I waterfowl that use underwater vegetation growing restored fresh emergent wetlands in the Delta to
in the shoals and for diving ducks such as provide resting habitat for water birds, foraging
canvasback and scaup that eat clams (Fris and habitat for diving ducks and other water birds and

I DeHaven 1993; Brittain et al. 1993; Stuber 1984: semi-aquatic mammals that feed in deep water,
Shloss 1991; Sweetnam and Stevens 1993; San and habitat for associated resident pond fish
Francisco Estuary Project 1992a; U.S. Fish and species (,).

I Wildlife Service 1996; Lindberg and Marzuola
1993). PaoGl~,M~ta,’rle A~’rlON 1A: Develop 100

acres of open-water areas within restored fresh

I Restoring, improving, and protecting high-quality emergent wetland habitats in the West and Central
shallow shoal habitat will provide foraging Delta Ecological Management Unit such as on
habitat for rearing juvenile fish. These areas Twitchell or Sherman islands.
typically provide high primary and secondary

I productivity support cycling PROGFL, a~IM~TIC ACTION 1 B: Develop 200and nutrient that
sustains good forage. These areas also provide acres of open-water areas within restored fresh
good forage for shorebirds that feed on emergent wetland habitats in the East DeltaI invertebrates, waterfowl that use underwater EcologicalManagementUnit.
vegetation growing in the shoals, and diving ducks
such as canvasback and scaup that eat clams (Fris PROGRAMMATIC ACTION I C: Develop 200I and DeHaven 1993; Brittain et aL 1993," Stuber of within restored freshacres open-waterareas
1984). emergent wetland habitats in the South Delta

Ecological Management Unit.

I Franks’s Tract is a flooded Delta island that can
be restored to a mosaic of habitat types with no TAR~E’r 2: Develop 2,100 acres of shallow,
impact to agriculture. Frank’s Tract levees were open-water areas (less than 4 to 6 feet deep) in

i breached and the island has been flooded since restored fresh emergent wetland habitat areas in
the early 1900s. The deep bed of the island does the Delta to provide resting, foraging, and brood
notprovide good quality habitat for native fishes, habitat for water birds and habitat for fish and

I Parts of the island could be elevated through a aquatic plants and semi-aquatic animals (,I~).
combination of dredge material placement,
natural sediment accretion, and peat PROGRAMMATIC ACTION 2~: Develop 500

I accumulation. Frank’s Tract will be a functional acres of shallow, open-water areas within restored
component of the San Joaquin River corridor, a fresh emergent wetland habitats in the Central and
major fish rearing and migration area, as well as West Delta Ecological Management Unit such as

I providing continuity with existing and other on Twitchell or Sherman Islands.
proposed habitats in the Central and West Delta

I
~ cwm~
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PROGRAMMATIC ACTION 2B: Develop 300 PROGRAMMATIC ACTION 1A: To replace lost

acres of shallow, open-water areas within restoredslough habitat and provide high-quality habitat
fresh emergent wetland habitats in the East Deltaareas for fish and associated wildlife, the short-
Ecological Management Unit. term solution for the Central and West Delta

Ecological Management Unit is to restore 20 miles
PROGRAMMATIC ACTION 2C: Develop 300 of slough habitat. The long-term solution is to
acres of shallow, open-water areas within restoredrestore 50 miles of slough habitat. In both the
fresh emergent wetland habitats in the South DeltaNorth Delta and East Delta Ecological
Ecological Management Unit. Management Units, the short-term solution is to

restore 10 miles of slough habitat. The long-term
PROGRAMMATIC ACTION 2D: Develop 1,000 solution is to restore 30 miles of slough habitat. In
acres of shallow, open-water areas within restoredthe South Delta Ecological Management Unit, the
fresh emergent wetland habitats in the North Deltashort-term solution is to restore 25 miles of slough
Ecological Management Unit. habitat and the long-term solution is to restore 50

miles of slough habitat.
17~ TIONALE: Restoring suitable resting areas for
waterfowl and other wetland-dependent wildlife PROGRAM~a, TIC ACTION 1 B: Restore tidal
such as river otter will increase their over-winter action to portions of islands and tracts in the North
survival rate. Other water-associated wildlife will and East Delta Ecological Management Units with
also benefit (Madrone andAssociates 1980). appropriate elevation, topography, and water-

landform conditions. This will sustain tidally
Restoring suitable resting areas for waterfowl and influenced freshwater marshes with 20 to 30 linear
other wetland-dependent wildlife such as river miles of narrow, serpentine-shaped sloughs’within
otter will increase their over-winter survival rates, the wetlands and floodplain.
Other water-associated wildlife will also benefit
(Madrone and Associates 1980). I~a 7rlOt~OaI.E." Restoring, improving, and

protecting sloughs in the Ecological Management
Implementation of actions designed to increase or Units of the Sacramento-San Joaquin Delta
improve acreages of nontidal perennial aquatic Ecological Management Zone will help sustain
habitats need to develop or integrate subsidence high-quality shallow-water habitat for spawning
reversal and sediment accretion. These will assist of native fish and for foraging of juvenile fish.
in raising bottom elevations to levels that can Restoring small dead-end sloughs and tidally
support rooted submergent andemergent influenced freshwater marshes and mudflats in the
vegetation. Sacramento-San Joaquin Delta Ecological

Management Zone will provide habitat for
DELTA SLOUGHS spawning of native fish and for foraging of

juvenile fish, increase production of primary and
TmaG~-r 1 : Restore ecological structure and secondary food species, and support nutrient
functions of the Delta waterways network by cycling that sustains quality forage. These sloughs
increasing the land-water interface ratio acan also provideloafingsitesforwaterfowland
minimum of 50% to 75% compared to 1906 habitat for the western pondturtle (Simenstadet
conditions and by restoring 100 to 150 miles ofal. 1992 and 1993; LindbergandMarzuola 1993;
small distributary sloughs (less than 50 to 75 feetMadrone and Associates 1980).
wide) hydrologically connected to larger Delta
channels (~.). (Note." This target is in addition to Land-water interface targets represent a
the Delta slough target presented in the target reasonable level necessary to restore Bay-Delta
section for Delta Channel Hydraulics.) ecosystem functions and overall health by
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increasing water-to-perimeter shoreline ratios Restoring high-quality brackish tidal marshes on
and patterns to those of the early 1900s. Delta and adjacent to these islands will contribute to
slough habitat will be restored as a mosaic of cycling nutrients, maintaining the foodweb, and
habitats including slough, tidal perennial, and increasing production of primary and secondary
tidal emergent habitats, food species in a geographic location already

noted for its value as a rearing habitat for
MIDCHANNEL ISLANDS AND estuarine fish. Several plant species of special

SHOALS concern such as the Suisun aster will benefit from
increasing the area of brackish tidal marsh in the

TAaGE’r 1 : Maintain existing channel islandsDelta (Landin and Newling 1988; Dionne et al.
and restore 50 to 200 acres of high-value islands1994; Lindberg and Marzuola 1993).
in selected sloughs and channels in each of the
Delta’s Ecological Management Units (~). FRESH EMERGENT WETLAND

HABITAT (TIDAL)
PROGRAMMATIC ACTION 1A: Actively
protect and improve existing channel islands in theTAaGLrr 1 : Increase existing tidal freshwater
Delta. marsh habitat in the Delta by restoring 30,000 to

45,000 acres of lands designated for floodplain
PROGRAMMATIC ACTION I a: Restore 50 to restoration (~).
200 acres of channel islands in the Delta where
channel islands once existed. PROG~a~d~TIC ACTION 1 A: Develop tidal

freshwater marshes in the North Delta Ecological
F~tT/ONALE: Many of the remnant channel or Management Unit.
"berm ’" islands in the Delta have been lost to
continuing erosion and degradation. Restoring, PaoGaAa~t~’nc ACTION Ita: Develop tidal
improving, and protecting the riverine-edge freshwater marshes on small tracts of converted
habitat of these islands will provide habitat for leveed lands along Snodgrass Slough.
juvenile salmon rearing in this Ecological
Management Zone. Terrestrial vertebrates that PROGRAMMATIC ACTION I C: Develop tidal
will receive indirect benefits include the western freshwater marshes along the upper ends of dead-
pond turtle and shorebirds and wading birds (Fris end sloughs in the east Delta.
and DeHaven 1993; Mahoney and Ermin 1984;
Knight and Bottorf1983; Knox 1984; Novick and PROGI~au~IM~TIC ACTION 1 D: Develop tidal
Hein 1982; Moore and Gregory 1988; May and freshwater marshes along setback levees andall
Levin 1991; Levin et al. 1995). levees with restored riparian habitat.

and protecting high-quality PROGRAMMATIC ACTION 1 E: tidalRestoring,improving, Develop
shallow habitat will provide forage for rearing freshwater marshes on restored channel island
juvenile fish. These habitats typically provide high habitat. (Note: Any tidal freshwater marsh habitat
levels of primary (pIanl) and secondary (animal) developed is included in Target l for this habitat
productivity and support nutrient cycling functions type.)
that can sustain quality forage. These habitats
also provide high-quality forage habitat for ~rlOl~l.E: Restoring tidally influenced
waterfowl who use submergent vegetation freshwater marshes in the Sacramento-San
growing in the shoals and diving ducks such as Joaquin Delta Ecological Management Zone will
canvasback and scaup that eat clams (Fris and increase production of primary and secondary
DeHaven 1993; Brittain et al. 1993; Stuber 1984). food species and support nutrient cycling

~ ~
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functions that can sustain quality forage the South Delta Ecological Management Unit as
conditions for fish, waterfowl, shorebirds, and part of a subsidence control program; and restore
wildlife (Lindberg and Marzuola 1993; Miller 10,000 acres ofnontidal fresh emergent wetland in
1993; Simenstad et el. 1992 and 1993). Increasing the Central and West Delta Ecological
the area offreshwat.er tidal marshes in each of the Management Unit as part of a subsidence control
four Delta Ecological Management Units will help program (,I~).
support the proper aquatic habitat for rearing and
outmigratingjuvenile chinook salmon, steelhead, PROG~~Tle Ae’rlON 1A: Restore 1,000
and sturgeon and for rearing delta smelt, striped acres of nontidal freshwater marshes on Twitchell
bass, and splittaik Restoring high-quality Island.

freshwater marshes, both tidal and nontidal, will
contribute to nutrient cycling, maintaining the PROG~MATIC ACTION 1R: Restore 1,000
foodweb, and increased production of primary acres of nontidal freshwater marshes in the Yolo
and secondary food species. In addition, Bypass.
increasing the area of freshwater marsh will
contribute to an ecosystem that can accommodate PROGRAMMATIC ACTION 1 C-" Restore 1,000
sea level rise. This can only be effective, however, acres of nontidal freshwater marshes in leveed
if upland migration corridors are available for the lands designated for floodplain overflow adjacent
marshes to expand as sea level rises, to the dead-end sloughs in the East Delta

Ecological Management Unit.
The targets selected take into account the large
losses of tidal freshwater marshes since the early PROGRAMMATIC ACTION 1 D: Restore 4,000
1900s. The Sacramento-San Joaquin Delta acres ofnontidal freshwater marshes in the South
Ecological Management Zone lost nearly 90, 000 Delta in lands designated for floodplain overflow.
acres, with the greatest losses in the North Delta
and Central and West Delta Ecological PROGr~a~TIC ACTION 1~=: Restore 10,000
Management Units. Acreage changes in the South acres of nontidal freshwater marshes on Delta
Delta were insignificant during that period Islands of the Central and West Delta Ecological
because most losses these occurred before 1900. Management Unit. (Note: Up to 75% of this
Restoration targets are to restore between 30% acreage may be restored to tidal actions after the
and 50% of the losses since 1900. The level of appropriate land elevations are achieved through
restoration was increased in the South Delta island accretion. Upon restoring tidal action,
because of the prior losses documented by Landin targets for the Central and West Delta Ecological
and Newling (1988). There was a substantial loss Management Unit would be adjusted to avoid the
of fresh emergent wetlands in the South Delta need to restore additional non-tidal wetland above
Ecological Management Unit prior to the 1900s 2, 500 acres.)
and a significant amount of wetlands could be
restored in this unit depending on which 17~TtO~t.£: The restoration of high-quality
alternative is selected nontidal freshwater marshes will contribute to

nutrient cycling, maintaining the foodweb, and

FRESH EMERGENT WETLAND supporting enhanced levels of primary and

HABITAT (NONTIDAL) secondary food production. Increasing the areal
extent of nontidal freshwater marsh in the Delta,

TARGET 1 : Restore a total of 3,000 acres of particularly in the Central and West Delta

nontidal freshwater marshes in the North and the Ecological Management Unit, will be an

East Delta Ecological Management Units; restore important component of subsidence control and

4,000 acres of nontidal fresh emergent wetland in island accretion. Permanent freshwater marsh can
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help arrest and in some cases reverse subsidence PROGRAMMATIC ACTION 2B." Develop a
where peat oxidation has resulted in land cooperative program to restore and manage 5,000
elevations more than 15 feet below sea level acres of additional seasonal wetland habitat.
Increasing the area of freshwater marsh will
contribute to an ecosystem that can accommodate PROGRAMMATIC ACTION 2C-" Improve
sea level rise. Habitats for wetland wildlife will be management of 1,000 acres of existing degraded
improved The targets selected take into account seasonal wetland habitat.
the large losses of nontidal freshwater marshes
since the early 1900s. The Sacramento-San TARGET 3: Restore and manage at least 8,000
Joaquin Delta Ecological Management Zone lost acres of additional seasonal wetland habitat and
nearly 90, 000 acres with the greatest losses in the improve management of 1,500 acres of existing,
North Delta and Central and West Delta degraded seasonal wetland habitat in the Central
Ecological Management Units. Acreage changes and West Delta Ecological Management Unit
in the South Delta were insignificant during that (~,I~).
period because most losses there occurred before
1900. PROGRaMMaTIC ACTION 3A: Restore and

manage 4,000 acres of additional seasonal wetland
SF.J~SONAL WETLAND HABITAT habitat on Twitchell Island.

TARGET 1 : Restore and manage at least 4,000PROGRAMMATIC ACTION 3B: Restore and
acres of additional seasonal wetland habitat andmanage 4,000 acres of additional seasonal wetland
improve management of 1,000 acres of existing,habitat on Sherman Island.
degraded seasonal wetland habitat in the North
Delta Ecological Management Unit (~). PROGR/MVIMATIC ACTION 3C-" Develop a

cooperative program to improve management of
PROGRAMMATIC ACTION 1A: Improve 1,500 acres of existing degraded seasonal wetland
management of 1,000 acres of existing, degradedhabitat.
seasonal wetland habitat in the Yolo Bypass.

T~d~GET 4: Restore and manage at least 12,000
PROGRAMMATIC Ac’rlON 1 B: Restore and acres of additional seasonal wetland habitat and
manage 2,000 acres of additional seasonal wetlandimprove management acres existing,of 500 of

habitat in association with the Yolo Basin Wildlifedegraded seasonal wetland habitat in the South
Area. Delta Ecological Management Unit (.~).

TARGET 2: Restore and manage at leastPROGR/M~MATIC ACTION 4A: Develop a
6,000 acres of additional seasonal wetland habitatcooperative program to restore and manage
and improve of 1,000 acres of 12,000 acres of additional seasonal wetlandmanagement
existing, degraded seasonal wetland habitat in thehabitat.
East Delta Ecological Management Unit (~,).

PROGRAIVIM~TIC ACTION 4B: Develop a
PROGRAMMATIC ACTION 2~: Develop a cooperative program to improve management of
cooperative program to restore and manage 1,000500 acres of existing degraded seasonal wetland
acres of additional seasonal wetland habitat onhabitat.
Canal Ranch.

~ TIONALE." Restoring seasonal wetland
habitats along with aquatic, permanent wetland,
and riparian habitats is an essential element of the

~ ~
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restoration strategy for the Sacramento-San T/M~GET 2: Restore 15 to 25 linear miles of
Joaquin Delta Ecological Management Zone. riparian and riverine aquatic habitat along other
Restoring the ratio of land-water interface will Delta island levees throughout the South Delta
help restore a mosaic of complex habitats that will Ecological Management Unit. This will create
restore important ecosystem processes and riparian vegetation corridors of which 60% is to
functions. Restoring these habitats will also be more than 75 feet wide and 10%, no less than
reduce the amount and concentrations of 300 feet wide and I mile long (.~).
contaminants that could, once they enter the
Delta’s sloughs, interfere with restoring the PROGRAMMATIC ACTION 2A-" Develop a
ecological health of the aquatic ecosystem, cooperative program to restore riparian habitat
Seasonal wetlands support a high production rate either by obtaining conservation easements or by
of primary and secondary food species and large purchase from willing sellers.
blooms (dense populations) of aquatic
invertebrates. TARGET :3: Restore 10 to 15 linear miles of

riparian and riverine aquatic habitat along the
Wetlands that are dry in summer are also efficient Sacramento River below Sacramento of which
sinks for the transformation of nutrients and the 40% is to be more than 75 feet wide and 20% over
breakdown of pesticides and other contaminants. 300 feet wide (~).
The roughness of seasonal wetland vegetation
filters and traps sediment and organic PROGRAMMATIC ACTION :3A: Obtain
particulates. Water flowing out from seasonal conservation easements for, or purchase from
wetlands istypicallyhighinfoodwebpreyspecies willing sellers, land needed to restore 10 to
concentrations and fine particulate organic matter 15 linear miles of riparian habitat along the
that feed many Delta aquatic and semiaquatic fish Sacramento River in the North Delta Ecological
and wildlife. To capitalize on these functions for Management Unit. Obtain conservation easements
the Delta aquatic zone, significant areas of for, or purchase from willing sellers, land needed
restored seasonal wetlands in the Sacramento-San to create corridors of riparian vegetation.
Joaquin Delta Ecological Management Zone
should be subject to periodic flooding and TARGET ~,: Restore 8 to 15 linear miles of
overland flow from Delta and river floodplains, riparian and riverine aquatic habitat in the East

Delta Ecological Management Unit of which 40%
RIPARIAN AND RIVERINE is to be more than 75 feet wide and 20% over 300

AQUATIC HABITATS feet wide (~).

TARGET 1 : Restore l0 to 20 linear miles of PROGRAMMATIC ACTION 4A: Obtain

riparian and riverine aquatic habitat along theconservation easements for, or purchase from
San Joaquin River in the South Delta Ecologicalwilling sellers, land needed to restore 5 to
Management Unit to create corridors of riparian10 linear miles along the Mokelumne River and 3
vegetation of which 50% is to be over 75 feetto 5 miles along the Cosumnes River in the East
wide and 40% is to be no less than 300 feet wideDelta Ecological Management Unit to create
and 1 mile long (~). corridors of riparian vegetation.

PROGRAMMATIC ACTION 1A: Develop a TARGET ~5: Restore 10 to 20 linear miles of
cooperative program to restore riparian habitatriparian and riverine aquatic habitat in the North
either by obtaining conservation easements or byDelta Ecological Management Unit of which 40%
purchase from willing sellers, is to be more than 75 feet wide and 20% over 300

feet wide (~,).
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I PROGRAMMATIC ACTION 5A: Obtain has reduced water storage, nutrient cycling, and
conservation easements for, or purchase from foodweb support.

I willing sellers, land needed to restore 5 to
10 linear miles along the Steamboat Slough as part Restoring, improving, and protecting high-quality
of the development of a North Delta Habitat riparian woodland habitat will enhance nutrient
Corridor. cycling andfoodweb support andprovide habitat

for terrestrial invertebrates that will sustain
TARGL~r 6: Restore or plant riparian and riverine resident fish and rearing juvenile anadromousfish

I aquatic habitats and recreate slough habitat and set in the Delta. Terrestrial vertebrates that will
back levees (.). benefit include the Swainson’s hawk, western

yellow-billed cuckoo, wading birds, neotropical
PROGRAMMATIC ACTION 6A: Obtain birds, and the riparian brush rabbit. This habitat
conservation easements for, or purchase from will also increase suitable habitat for wildlife such
willing sellers, land needed to restore riparian as the western pond turtle and wood duck (Bjornn

I habitat along newly created sloughs and sloughs et al. 1991; Shields et el. 1993; Jensen et el.
with new levee setbacks. 1987; Fris and DeHaven 1993; Mahoney and

Erman 1984; Knight and Bottorff1983).

I PROGRAMMATIC ACTION 6B: Obtain
conservation easements for, or purchase from Large-scale riparian restoration projects are
willing sellers, land needed to restore riparian needed to restore the biodiversity (variety of

I habitat along new or upgraded Delta levees, species) and the sustainability and resilience of
these habitats. This is consistent with the

TARGET 7: Protect existing riparian woodlands recommended strategy for restoration of rivers

i in North, East, and South Delta Ecological and aquatic ecosystems on a large landscape
Management Units (.~,). scale (National Research Council 1992; Noss and

Harris 1986; Hutto et el. 1987; Scott et el. 1987;

I PROGRAMM,/~TIC ACTION 7A: Expand the Noss et al. 1994). Large-scale restoration of
Stone Lakes and Cosumnes River Preserves from broad, diverse riparian habitats in the
their current size by an additional 500 acres of Sacramento-San Joaquin Delta Ecological
existing woodland habitat. Share costs with the       Management Zone will support increased nesting

I Conservancy to acquire to      populations of Swainson’s otherNature in-fee title the hawks and
lands needed from willing landowners, raptors, as well as the yellow-billedcuckoo. Wood

ducks will also benefit from increases in riparianI PROGRAMMATIC ACTION 7B: Purchase habitat. Heron and rookeries will increaseegret
riparian woodland property or easements, as well (Baltz and Moyle 1984; Hudson 1991;

Motroni 1981; National Resource Council 1992;

I RATIONALE: Many species of wildlife, including Gaines 1974 and 1977).
several species listed as threatened or endangered
under the State and federal Endangered Species Riparian woodland habitats are important habitat

I Acts and several special-statusplant species in the use areas for many species of wildlife in the
Central Valley are dependent on or closely Central Valley. The loss or degradation ofhistoric
associated with riparian habitats. Riparian stands of riparian woodland has substantially

I habitats support a greater diversity of wildlife reduced the habitat area available for associated
species than any other habitat type in California. wildlife. Such woodlands will also contribute to
Degradation and loss of riparian habitat have the recovery of species such as Swainson’s hawk.

I substantially reduced the habitat area available Actions to restore ecological processes and
for associated wildlife species. Loss of this habitat functions, increase and improve habitats, and
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reduce stressors are prescribed primarily to FRESHWATER FISH HABITAT AND
contribute to the recovery of aquatic species such ESSENTIAL FISH HABITAT
as winter-run, spring-run, and late-fall-run
chinook salmon," splittail; and delta smelt. These TARGr:T 1 : Maintain and improve existing
actions will also benefit the Swainson’s hawk, freshwater fish habitat and essential fish habitat
greater sandhill crane, yellow-billed cuckoo, through the integration of actions described for
riparian brushrabbit, blackrail, and giant garter ecological processes, habitats, and stressor
snake, reduction or elimination.

INLAND DUNE SCRUB PROGRAMMATIC ACTIONS: No additional
programmatic actions are recommended.

TARGET 1 : Enhance 50 to 100 acres of low- to
moderate-quality Antioch inland dune scrubRAT/ONAL~: Freshwater fish habitat and
habitat in the Delta to provide high-quality habitatessential fish habitat are evaluated in terms of
for special-status plant and animal species andtheir quality and quantity. Actions described for
associated wildlife (~,). Delta ecological processes, stressor reduction,

and riparian and riverine aquatic habitat should
PROGR/M~/IMATIC ACTION 1A: Support suffice to maintain and restore freshwater fish
programs for protecting and restoring inland dunehabitats. For example, maintaining freshwater
scrub habitat at existing ecological preserves inand essential fish habitats is governed by actions
the Central and West Delta Ecologicalto maintain streamflow, improve coarse sediment
Management Unit. supplies, maintain stream meander, maintain or

restore connectivity of rivers and streams and
PROGRAMMATIC ACTION 1B: Protect and their floodplains, and in maintaining and
restore inland dune scrub habitat areas adjacent torestoring riparian and riverine aquatic habitats.
existing ecological preserves in the Central and
West Delta Ecological Management Unit through PERENNIAL GRASSLAND
either conservation easements or purchase from
willing sellers. TARGET 1 : Restore 4,000 to 6,000 acres of

perennial grasses in the North, East, South, and
RATIONAL£: An analysis of soils indicated that Central and West Delta Ecological Management
the historical extent of inland sand dunes in the Units associated with existing or proposed
Delta was probably less than 10, 000 acres. The wetlands and floodplain habitats (~).
extent and habitat quality of inland dune scrub
has declined as a result of recent land use PaoG~U~M~TIC Ae’nON 1A: Develop a
changes. Inland dune scrub is a unique Delta cooperative program to restore 1,000 acres of
communityand supportsseveralspecial-status perennial grassland in the North Delta Ecological
plant and animal species, including the Lange’s Management Unit through either conservation
metalmark, which is federally listed as easements or purchase from willing sellers.
endangered. Protection and restoration of inland
dune scrub habitat will help maintain existing PROGR/MVIMATIC ACTION 1 B: Develop a
special-status species and assist in recovery of cooperative program to restore 1,000 acres of
their populations, perennial grassland in the East Delta Ecological

Management Unit through either conservation
easements or purchase from willing sellers.

¯
Volume I1: Ecosystem Restoration Program Plan ¯Sacramento-San Joaquin Delta Ecological Management Zone Vision

June 1999

C--01 9527
C-019527



I PROGRAMMATIC ACTION "l C: Develop a areas that provide suitable waterfowl nesting
cooperative program to restore 1,000 to 2,000 habitat but lack suitable brooding habitat, to

I acres of perennial grassland in the South Deltaincrease resident dabbling duck production.
Ecological Management Unit through either
conservation easements or purchase from willingPRO(3RAMIVI~TIC ACTION 1 D-" Increase the

I sellers, acreage farmed for wheat and other crops that
provide suitable nesting habitat for waterfowl and

PRO(3RAMMATIC ACTION "1 D: Develop a other ground-nesting species in the Delta.
cooperative program to restore 1,000 to 2,000
acres of perennial grassland in the Central andPROGR/M~M~TIC ACTION 1E: Convert
West Delta Ecological Management Unit throughagricultural lands in the Delta from crop types of

I either conservation easements or purchase fromlow forage value for wintering waterfowl,
willing sellers, wintering sandhill cranes, and other wildlife to

crop types of greater forage value.

I RATIONALE: Restoring wetland, riparian, and
adjacent upland habitats in association with PRO(3FL, edVIM/~,TIC ACTION "IF: Defer fall
aquatic habitats is an essential element of the tillage on corn fields in the Delta to increase the

I restoration strategy for this Ecological forage for wintering waterfowl, wintering sandhill
Management Zone. Eliminating fragmentation and cranes, and associated wildlife.
restoring connection of habitats will enhance
habitat conditions for special-status species such PRO(3~M.,~TIC ACTION 1 (3"- Develop a
as the California black rail and foraging habitat cooperative program to improve management on
for Swainson’s hawk. For instance, the habitats 8,000 acres of Delta corn and wheat fields and to

i for these species have been degraded by a loss of reimburse farmers for leaving a portion of the
the adjacentescapecoverneededduringperiods crop in each field unharvested as forage for
of high flows or high tides, waterfowl, sandhill cranes, and other wildlife.

I AGRICULTURAL LANDS RATIONAL£." Following the extensive loss of
native wetland habitats in the Central Valley,

TAR(3ET 1 : Cooperatively manage 40,000 to some wetland wildlife species have adapted to the
I 75,000 acres of agricultural lands (~’~). artificial of some agriculturalpracticeswetlands

and have become dependent on these wetlands to
PROGRAMMATIC A~rION 1A: Increase the sustain their populations. Agriculturally created

I of Delta fields and flooded in wetlands include rice lands; fields flooded forarea corn pastures
winter and spring to provide high-quality foragingweed, salinity, and pest control; stubble
habitat for wintering and migrating waterfowl andmanagement; and tailwater circulation ponds.

I shorebirds and associated wildlife.
Reducing the entrainment of lower trophic

PROGR/M~M~TIC ACTION 1 El." Periodically organisms (food species) such as phytoplankton

I flood pasture from October through March in and zooplankton, and of life stages of higher
portions of the Delta relatively free of humantrophic organisms such as fish eggs, larvae, and
disturbance to create suitable roosting habitat forjuveniles into agricultural and export water

I wintering greater sandhill crane, and for otherdiversions will increase production of primary
wintering sandhill crane subspecies, and secondary food species. This will also support

nutrient cycling functions that can sustain quality

I PROGR/M~M~TIC ACTION 1 C: Create forage for aquatic resources in and dependent on
permanent or semipermanent ponds in Delta farmthe Delta (Chadwick 1974).
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Managing agricultural lands to increase forage nesting habitat is properly managed, large,
for waterfowl and other wildlife will increase the ground predators are less effective in preying on
survival rates of overwintering wildlife and eggs and young of waterfowl and other ground
strengthen them for migration, thus improving nesting birds. Managing agricultural lands to
breeding success (Madrone Associates 1980; increase forage for waterfowl and other wildlife
Fredrickson and Reid 1988; Schultz 1990; and, will increase the overwinter survival rates of
Ringelman 1990). wildlife and strengthen them for migration, thus

improving breeding success (Madrone and Assoc.
Restoring roosting habitat in this Ecological 1980; Fredrickson and Reid 1988; Schultz 1990;
Management Zone, especially when it is near and Ringelman 1990). Following the extensive
forage habitat, will increase the overwinter loss of native upland habitats, upland wildlife
survival of sandhill cranes and strengthen them species have adapted to the artificial upland
for migration, thus improving breeding success, environment of some agricultural land uses and
Decreasing in human disturbance in the roosting have become dependent on agricultural upland
sites will also improve the health of the crane in areas and field-border shelter belts to sustain
the Delta. Actions to restore ecological processes their populations.
and functions, increase and improve habitats, and
reduce stressors are prescribed primarily to Habitat restoration will occur over a 30 year
increase populations of lower level food species, period, lnitial efforts will be directed at lands
aquatic andterrestrialinvertebrates, and forage presently in State or Federal ownership.
fish such as threadfin shad. Improving the Restoration will be strictly guided by adaptive
foodweb of the Delta will help restore the health management in which conceptual ecosystem
of the Bay-Delta’s aquatic ecosystem, models and hypotheses will be developed Small

projects will be implemented to test the hypotheses
Creating small ponds on farms with nearby regarding habitat restoration. For example, one
waterfowl nesting habitat but little brood habitat hypothesis might be that delta smelt will occupy
will increase production of resident waterfowl tidal perennial aquatic habitat for foraging,
species when brood ponds are developed and spawning, and rearing. Monitoring will determine
managed properly. Researchers and wetland it the hypothesis is true or false (e.g., do delta
managers with the DFG, U.S. Fish and Wildlife smelt use restored habitaO. Based on the results
Service and the California Waterfowl Association of monitoring under the adaptive management
have found that well managed brood ponds program, an evaluation will be made regarding
produce the high levels of invertebrates needed to the need and benefit of restoring additional acres
supportbroodingwaterfowl Other wildlife such of tidal perennial aquatic habitat.
as the red-legged frog, tiger salamander, giant
garter snake, and western pond turtle will also The Delta Protection Commission suggested
benefit. Restoring suitable nesting habitat near (letter to CALFED dated July 10, 1998) some
brood ponds will increase the production of alternatives for meeting habitatrestoration targets
resident waterfowl species. 1Then the restored in the Delta. Although it is premature to set
nesting habitat is properly managed, large, priorities for the targets and programmatic
ground predators are less effective in preying on actions in the Delta, the Commission suggested
eggs and young of waterfowl and other ground- the following approaches:
nesting birds.

¯ Restore and/or enhance lands currently in
Restoring nesting habitat, especially when it is public or non-profit ownership (or currently
near brood ponds, will increase the production of in the acquisition process) and designated for
resident waterfowl species. When the restored restoration, including Twitchell lsland,
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I
Sherman Island, and Prospect Island. along the Delta portion of the Sacramento River
Approximately 35,000 acres fall into this should consider the ecological benefits of

I category, enlarging and enhancing a riparian corridor west
of the Deep Water Ship Channel, within the Yolo

¯ Acquire and/or enhance currently flooded Bypass. Such a waterway could connect to the

I lands to create and/or enhance emergent main stem of the Sacramento River at either or
habitat, including Frank’s Tract, Big Break, both the Sutter Weir or the Sacramento Weir.
Mildred Island, Little Mandeville Island, etc. There is an existing channel named the Tod Drain,

I Approximately 7,000 acres fall into this which lies west of the Ship Channel. The Toe
category. Drain is largely unvegetated by lies within the

Yolo Bypass, where the lands are already subject

I ¯ Develop and implement management plans to a flood easement purchased by the federal
for upland areas already in public or non- government to provide additional floodprotection
profit ownership, including Calhoun Cut the city of Sacramento and the Delta area. While

I Ecological Preserve (approximately 1, 000 the Sacramento River can maintainfloodflows of
acres), Rhode Island, etc. about 150, 000 cfs, the Yolo Bypass can handle

about three times as much floodflow (450,000

I ¯ Develop and implement individual cfs). Locating an enhanced riparian corridor
management plans for private agrieuhural within the Yolo Bypass would also address the
properties and develop (or provide)funds to stranding of juvenile and adult fish when flood

I offset costs of voluntary implementation of flows recede. Creating an enlarged channel wouM
such plans (plans could include flooding improve flood water conveyance capacity in the
programs, enhanced levees and pumps to Yolo Bypass, which would then allow the

i enhance flooding and drainage, recommend introduction and maintenance of riparian
crop rotation cycles, size and location of vegetation into the flood bypass without reducing
permanent brood ponds, etc.), overall flow capacity during flood events.

I ¯ Develop and implement individual The Delta Protection Commission also suggested
management plans for privately owned lands that the South Fork of the Mokelumne River be
managed for wildlife habitat, such as duck       considered for water conveyance and flood

I upland hunting clubs, develop       control, by dividing flow ofclubsand and the the Mokelumne
(or provide) funds to offset costs of voluntary River between its north and south forks. Both forks
implementation ofsuchplans, could be examined for additional habitat

I opportunities as capacitiesrestoration channel
m Control of stressors should be revised to are increased by dredging or construction of any

avoid duplication with existing regulatory necessary levee setbacks. There are significant

I such as existing dredging flow constrictions in the reach of the Southprograms, upper
"windows," and the programs that are Fork Mokelumne, which if reduced, could provide
developedshould respect the needs of existing important opportunities for flood control and

I landuses, suchaswater-orientedrecreation, habitat restoration. The Commission suggested
Where funds are needed to carry outspecific that the Mokelumne River corridor must be
programs, those funds should be made multipurpose and provide water conveyance

I available to private land owners to implement through the Delta, flood control for Sacramento
CALFED programs, and San Joaquin counties, and provide for a

riparian corridor for aquatic and terrestrial

I The Delta Protection Commission also suggested species.
the approach for restoring a riparian corridor

I
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Table 4. Summary of ERPP Habitat Restoration Targets and Programmatic Actions for the
Sacramento-San Joaquin Delta Ecological Management Zone.

Habitat Type      North Delta East Delta South Delta Central and Total
Acreage Acreage Acreage West Delta Acreage

Acreage

Tidal Perennial 1,500 1,000 2,000 2,500 %000
Aquatic

Shoal 0 0 0 500 500*

Nontidal Perennial 0 200 200 100 500
Aquatic (deep open
water)

Nontidal Perennial 1,000 300 300 500 2,100
Aquatic (shallow
open water)

Delta Sloughs (short- 10 miles 10 miles 25 miles 20 miles 65 miles*
term)

Delta Sloughs (long- Additional 20 Additional 20 Additional 25 Additional 30 Additional 95
term) miles miles miles miles miles*

Midchannel Islands 50 to 200 50 to 200 50 to 200 50 to 200 200 to 800*

Fresh Emergent TBD TBD TBD TBD 30,000 to 45,000
Wetland (tidal) [to be

determined]

Fresh Emergent 3,000 3,000 4,000 10,000 20,000
Wetland (nontidal)

Seasonal             Improve: 1,0.00 1,000 .500 1,500 4,000
Wetland Restore: 4,000 6,000 12,000 8,000 30,000

Riparian and 10-15 miles 8-15 miles 25-25 miles 43-55 miles
Riverine Aquatic plus 500 acres plus 500 acres

Inland Dune Scrub 0 0 0 50 to 100 50 to 100"

Perennial Grassland 1,000 1,000 1,000 to 2,000 1,000 to 2,000 4,000 to 6,000

Wildlife Friendly TBD TBD TBD TBD 40,000 to
Agricultural Land 75,000*

Total acres of all habitats to be restored include large acreages that will have minimal impacts on 138,350 to
existing land uses such as wildlife friendly agricultural practices, shoal habitat, and inland dune scrub. 191,000
The largest acreages are for shallow water habitats such as fresh emergent wetlands (tidal and nontidal)
and tidal perennial aquatic habitats. Those three total 57,000-72,000 acres.

Total Delta Slough/Riparian and Riverine Aquatic Habitats includes miles of habitat to be improved and143-220 miles
an expansion of Stone Lakes and Cosumnes River Preserve by 500 acres, plus 500 acres

* Denotes acreages that have minimal impact to existing agricultural land uses and practices.
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The Commission also provided information REDUCING OR ELIMINATING
regarding wildlife friendly farming practices. In STRESSORS
1993-94, a Crop Shift Demonstration Project was
conducted on Rindge Tract. The California
Department of Fish and Game recommended WATER DIVERSIONS
specific measures to mitigate impacts to wildlife
from the demonstration project. Most of the TARGET 1 : Reduce loss of important fish species

mitigation measures were implemented as part of at diversions (,,,).

the demonstration project, and project monitoring
provided positive results. Based on this PROGRAMMATIC ACTION 1A: Consolidate

demonstration project, a wildlife friendly and screen agricultural diversions in the Delta.

agricultural practices program should consider
the following: PROGRAMMATIC ACTION 1B: Replace or

upgrade the screens at the SWP and CVP intakes

¯ Extend availability of post-harvest flooded with positive-barrier, fish bypass screens and

grain fields to more fully cover period of state-of-the-art fish holding and transportation

usage by migratory birds, systems. (Note: The ecological benefits of this
action could be substantially improved by
selection of an alternative that has a provision toEnhancefoodvalue of post-harvest flooded

grain fields by intentionally leaving more relocate the intakes, screening those intakes, and

grain in the fields either by modifying harvest providing for fish bypasses, as needed)

practices or intentionally not harvesting
portions of the fields to be harvested PROGRAMMATIC ACTION lc: Upgrade

screens at Pacific Gas & Electric Company’s

¯ Create fringe areas during important periods ContraCostapowerplantwithf’me-mesh,positive

to enhance forage opportunities for species barrier, fish bypass screens.

such as greater sandhill cranes and
Swainson ’s hawks, i~ rlON, ad.~: Loss of juvenile fish in diversions is

detrimental to fish species of special concern

¯ Disperse the program throughout the Delta to (Larkin 1979; Erkkila et al. 1950).

discourage over-concentration of species in a
single area. LEVEES, BRIDGES, AND BANK

PROTECTION
¯ Maintain the existing agricultural economy of

the region by using a voluntary program in TARGET 1 -" Increase shoreline and floodplain
which participants receive compensation riparian habitat in the Delta by changing the

equal to their cost or loss of income, vegetation maintenance practices on both the
water and the land side ofberms on 25 to 75 miles

Overall, the Delta Protection Commission has of the Sacramento, Mokelumne, and San Joaquin
provided suggestions that will facilitate rivers, and on 25 to 100 miles of other Delta
implementation of the long-term program, channels and sloughs confined by levees (,,).
Although the recommended actions in this plan
are still at the "Programmatic Level, "near-term PROGRAMMATIC ACTION 1A: Enter into
implementation plans and projects can agreements with willing levee reclamation
incorporate these suggestions in order to develop districts to change levee and berm vegetation

actions that can be implemented with support of management practices that to establish and mature

the Commission. shoreline riparian vegetation. This will restore and
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maintain the health of Delta aquatic resources.̄ excavation material from the restoration of
Reimburse districts for any additional secondary tidal channels,
maintenance and inspection costs. ¯ dry-side island interior borrow pits,

¯ upland borrow sites,
I~aTlOt~t~.t~: Restoring, improving, and ¯ Cache Creek settling basin and Yolo Bypass
protecting high-quality riparian woodland and sediment deposits, and
willow scrub habitat will enhance nutrient cycling ¯ deep water dredging sites in the San Francisco
and the foodweb and provide habitat for Bay.
terrestrial invertebrates that will sustain resident
fish and juvenile anadromous fish. Terrestrial PROGRAMMATIC ACTION lC: Restrict or
vertebrates that will benefit include the minimize effects of dredging near existing
Swainson’s hawk, western yellow-billedcuckoo, Midchannel tule islands and shoals that are
neotropical migrant songbirds, and the riparian vulnerable to erosion and exhibit clear signs of
brush rabbit. This action will also increase area reduction from channel and bar incision
suitable habitat for wildlife such as the western (cutting).
pond turtle and wood duck (Bjornn et al. 1991;
Shields et al. 1993; Jensen et al. 1987; Fris and TARGET 2: Avoid dredging during spawning and
DeHaven 1993; Mahoney and Erman 1984; and rearing periods for delta smelt and during rearing
Knight and Bottorff 1983). Large-scale riparian periods for winter-run chinook salmon (,,~,).
restoration projects are needed to restore the
variety of species and the sustainability and PROGRAMMATIC ACTION 1A." Follow DFG
resilience of these habitats to support the guidelines for dredging in the estuary.
ecological functions needed for aquatic resource
restoration in the Bay-Delta. This is consistent PROGRaMMaTIC ACTION 2D: Provide
with the recommended strategy for restoration of stockpiles of levee maintenance materials in three
rivers and aquatic ecosystems on a large scale or more selected land-side areas to avoid the need
(National Research Council 1992; Noss and to obtain material from Delta channels during
Harris 1986; Hutto et al. 1987; Scott et al. 1987; restricted periods.
Noss et al. 1994).

17~ rlOIqAl.E." Soils for levee maintenance should

DREDGINGAND SEDIMENT not be taken from adjacent Delta waters because
DISPOSAL such dredging alters the physical and chemical

characteristics of the aquatic habitat and disrupts
TARGL~" 1 : Limit dredging in channel zones thataquatic organisms. Restoring, improving, and
are not essential for flood conveyance orprotecting high-quality shallow habitat will
maintenance of industrial shipping pathways, andprovide forage for rearing juvenile fish. These
avoid dredging in shallow water areas (depths ofareas typically produce high levels ofprimary and
less than 3 meters at mean high water) exceptsecondary food species and support nutrient
where it is needed to restore flood conveyancecycling that can sustain quality forage. These
capaeity(,l~,,), areas also provide high-quality forage for

waterfowl that use submerge vegetation growing
PROGRAMMATIC ACTION 1A: Use alternate in the shoals and diving ducks such as canvasback

(rather than Delta in-channel sources) ofand scaup that eat clams in these areas (Fris andsources
levee maintenance material, such as: DeHaven 1993; Britain et al. 1993; Stuber 1984).

Losses or impacts to this habitat should be
¯ excavation of abandonednonessential levees,avoided to restore the health of the estuary

¯
~ ~
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(Schlosser 1991; Sweetnam and Stevens 1993; competition for nutrients, light, and space. The
Herbold 1994). prescribed action is primarily to enhance foodweb

functions and improve habitat for resident,
Impacts that could disrupt foraging and breeding estuarine, and anadromous fish and neotropical
activities of special-status estuarine fish shouM be migratory birds, in part, by reducing the areas
avoided (Sweetnam and Stevens 1993; Moyle et inhabited by invasive non-native plants and by
al. 1992, Herbold 1994). large-scale restoration of optimal nesting habitat

(Dudley and D ’Antonio 1994; Anderson 1990;

I INVASlVE A~,QUATIC PLANTS Zedler 1992; Bay-Delta Oversight Council 1994).

TARGET 1 : Manage existing and restored dead- |NVASIVE RIPARIAN AND

I end and open-ended sloughs and channels within SALT MARSH PLANTS
the Sacramento-San Joaquin Delta Ecological
Management Zone so that the total surface area ofTARGET 1 : Reduce surface area covered by non-

i these sloughs and channels covered by invasivenative plants to less than 1% (~,).
non-native aquatic plants is reduced (.).

PROGRAMMATIC ACTION 1A: Control non-

I PROGRAMMATIC ACTION 1A: Conduct large- native riparian plants.
scale, annual weed eradication programs
throughout existing and restored dead-end andTARGET 2"- Reduce the area of invasive non-

I open-ended sloughs and channels within each ofnative woody species, such as Giant Reed (i.e.,
the Delta’s Ecological Management Units. TheArundo or false bamboo) and eucalyptus, that
goal is that less than 1% of the surface area ofcompete with native riparian vegetation, by

i these sloughs and channels is to be covered byreducing the area of non-natives by 50%
invasive non-native aquatic plants within 10 years,throughout the Delta and by eradicating invasive

woody plants from restoration areas (,~).

i PROGR.,e~MATIC ACTION 1 B: Evaluate the
feasibility of developing a program toPROGR/M~MATIC ACTION 2A’- Implement a
commercially harvest and convert water hyacinthprogram throughout the Delta to remove and

i to methane (natural gas) and organic fertilizer, suppress the spread of invasive non-native plants
that compete with native riparian vegetation by

TARGET 2"- Reduce the potential for introducingreducing the aerial extent of species such as False
non-native aquatic plant and animal species atBamboo, eucalyptus, and non-native eordgrass

I crossings (~). (Spartina spp.) by 50%.border

PROGRAMMATIC ACTION 2A: Provide funding PROGR/M~M~’I"lC ACTION 2B: Implement aI to the Califomia Department of Food and the Delta beforeprogram throughout that,
Agriculture to expand the current State borderrestoration actions, eliminates invasive woody
inspection process to include a comprehensiveplants that could interfere with the restoration ofI of exclusion, detection, and managementnativeprogram riparianvegetation.
of invasive aquatic species such as purple
loosestrife, and hydrilla. RATIO/ffALE." Invasive non-native plants haveI altered functions, andecosystemprocesses,
I~TtOtV, ad_E: lnvasive aquatic plants have habitats through a combination of changes such
altered ecosystem processes, functions, and as those to the foodweb and those of competition

I habitats through a combination of changes such for nutrients, light, and space. The prescribed
as those to the foodweb and those from actions areprimarilyto improve habitat for many
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fish and wildlife species and to support foodweb decades. Further alteration could reduce the
functions by establishing extensive riparian capacity of the Delta to support native fishes.
habitat throughout the Delta (Dudley and
D ’Antonio 1994; Madrone andAssoc. 1980; Bay- Every reasonable effort should be made to reduce
Delta Oversight Council 1994; Cross and Fleming the introduction of non-native organisms at
1989; Zedler 1992). There have been extensive overland entrances to California. Inspections at
Spartina eradication efforts in Willapa Bay, borders have already found Zebra mussels that if
Washington, that could provide guidance in allowed to enter Bay-Delta waters could have
designing and implementing a similar control devastating economic and ecological effects.
program in the western Delta and north San
Francisco Bay. In most cases, the removal of PREDATION AND COMPETITION
invasive plants will require the replanting of
native vegetation to maintain adequate levels of TARG~:T 1 : Reduce loss of juvenile fish in
herbaceous cover, canopy closure, habitat Clifton Court Forebay to predation by 75% to
structure, and to limit exotic recolonization. 90% (~,~’~).

INVASIVE AQUATIC ORGANISMS PROGRAMMATIC ACTION 1A: Develop a
cooperative program to reevaluate the need to

TARGET 1-" Reduce or eliminate the influx ofremove predatory fish from Clifton Court
non-native aquatic species in ship ballast waterForebay.
(***)"

Pao~t~d~MATIC ACTION 1B: Evaluate
PRo~rtm~c Ae’noN 1A: Fund additional alternative methods to remove predator fish from
inspection staff to enforce existing regulations. Clifton Court Forebay with emphasis on predator

removal near the fish facility.
PRO6RAM~TIC Ae’rlON l~a: Help fund
research on ballast water treatment techniques thatPROGRAMMATIC ACTION 1 C: Evaluate
could eliminate non-native species before ballastalternate operational strategies to reduce
water is released, entrainment of juvenile fish into Clifton Court

Forebay.
T, aa~ET 2: Reduce the potential for introducingTmaG~-r 2: Reduce in-channel predation loss of
non-native aquatic organisms at border crossingsjuvenile fish near structures such as bridge pilings
(~,I~). and diversions (~).

PROGR/MVIM~TICACTION 2A: Provide funding PROGR/M~M~TIC ACTION 1A: Develop a
to the California Department of Food andcooperative program to reevaluate opportunities to
Agriculture to expand the current State bordermodify in-channel structures to eliminate predator
inspection process to include a comprehensivehabitat.
program of exclusion, detection, and management
of invasive aquatic species such as the zebraRATIONALE: Diversions and other structures
mussel, may provide habitat or opportunities for

predatory fish and wildlife, which could be
RATIONALE: Every reasonable effort should be detrimental to fish species of special concern
made to reduce the introduction of non-native (Erkkila et el. 1950).
organisms in the ballast water of ships that enter
the Delta. Such organisms have greatly altered the Predation of juvenile fish in Clifton Court
zooplankton of the Delta over the past several Forebay is a symptom of larger problems. These
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are probably insufficient rearing habitat in the P#tTtONALE: Reducing the concentrations and
Central Delta, high channel velocities, and loads of contaminants including hydrocarbons,
insuff!cient flows in the San Joaquin River. Short- heavy metals, and other pollutants in the water
term efforts in Clifton Court Forebay should and sediments of the Sacramento-San Joaquin
include, at a minimum, a predator removal or Delta Ecological Management Zone will help
control program near the fish facility and louver ensure reduction of sublethal and chronic impacts
system. Additional focused research is needed on of contaminants, whose impacts on population
longer-term efforts to reduce predation and to levels are hard to document. (Bay Delta Oversight
improve the understanding of predator population Council 1994; Hall 1991; U.S. Fish and Wildlife
growth. The longer-term solution to predation at Service 1996; San Francisco Estuary Project
this site lies in re-creating rearing and migration 1992b; Sparks 1992; Diamond et al. 1993; Rost et
habitats throughout the Delta. Some of the water al. 1989).
conveyance alternatives in the Delta could
decrease the rates of predation by enlarging the Improved inchannel flows within the Delta from
forebay and closing the radial gates for longer seasonal reductions in water use and improved
periods, flows attributed to enhanced supplies of

environmental water will also contribute to
CONTAMINANTS reducing concentrations (Charbunneau and Resh

1992; U.S. Environmental Protection Agency
TARGLrr "l : Reduce loading, concentrations, and 1993). Human health warnings associated with
bioaccumulation of contaminants of concern to consuming fish and wildlife have been issued
ecosystem health in the water, sediments, and because of high levels of substances such as
tissues of fish and wildlife in the Sacramento-San mercury and selenium. Large-scale restoration of
Joaquin Delta Ecological Management Zone by 25 aquatic and wetland habitats may contribute to
to 50% as measured against current average levels reducing levels of hydrocarbons, heavy metals,
(,~ ). and other pollutants. However, addressing point

sources of concern such as the oil refineries on
PROGRAMMATIC ACTION 1A: Reduce the Suisun and San Francisco Bays and elevated
input of herbicides, pesticides, fumigants, and releases of selenium as a result of refining oil
other agents toxic to fish and wildlife in the Delta from sources high in selenium can also help
by changing land management practices and reduce these contaminants (Charbunneau and
chemical uses on 50,000 acres of urban and Resh 1992).
agricultural lands that drain untreated into Delta
channels and Actions will focus HARVEST FISH WILDLIFEsloughs. on OF
modifying agricultural practices and urban land
uses on a large scale. To reduce the concentration TARGET 1 -" Reduce illegal harvest of
of pesticide residues, the amount applied will be anadromous fish and wildlife in the Delta by
reduced and the amount of pesticide load reaching increasing enforcement (,~).
the Delta’s aquatic habitats will be further reduced
by taking advantage of biological and chemical PROGRAMMATIC ACTION 1 A-" Provide
processes within wetland systems to help break additional funding to the DFG for additional
down harmful pesticide residues, enforcement.

PROGRAMMATIC ACTION 1B: Reduce levels PROGRAMMATIC ACTION 1 B: Provide
ofhydrocarbons and other contaminants entering additional funding to local county sheriff’s
the Delta foodweb from high releases into the departments and local park agencies for additional
estuary at oil refineries, enforcement.
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PROGRAMMATIC ACTION lC: Provide DISTURBANCE
rewards for the arrest and conviction of poachers.

TARGET 1 : Reduce boat traffic and boat speeds
17~rlON, ad~:Actions tO reduce illegal harvest of in areas where levees or channel islands and their
fish and wildlife are prescribed primarily to associated shallow-water and riparian habitat may
contribute to the recovery of aquatic species such be damaged by wakes. This will protect important
as winter-run, spring-run, and late fall-run Delta habitats such as berm islands from erosion
chinook salmon; green sturgeon; splittail; and caused by boat wake (.~).
steelhead. They will also contribute to the
recovery of species such as Swainson’s hawk, PROGRAMMATIC ACTION 1A: In the Central
greater sandhill crane, yellow-billed cuckoo, and West Delta Ecological Management Unit,
riparian brush rabbit, black rail, and giant garter establish and enforce no wake zones of 1 to 3
snake (U.S. Fish and Wildlife Service 1996; San miles in Disappointment Slough, of 1 to 2 miles in
Francisco Estuary Project 1992b; Bay-Delta White Slough, and of 3 to 4 miles in Middle and
Oversight Council 1993; California Department Old rivers in areas with remnant berms and
ofFish and Game 1991). midchannel islands.

STRANDING PROGRAMMATIC ACTION 1B: In the East
Delta Ecological Management Unit, establish and

TAaGET 1 : Reduce or eliminate the stranding ofenforce no wake zones of 1 to 3 miles of the
juvenile chinook salmon on floodplains, shallowMokelumne River, of 2 to 4 miles in Snodgrass
ponds, and levee borrow areas. Slough, and of 3 to 4 miles in Beaver, Hog, and

Sycamore Sloughs in areas with remnant berms
PROGRAMMATIC ACTION 1A: Conduct and midchannel islands.
surveys of stranding in the Yolo Bypass under a
range of flow conditions and developTARGET 2: Reduce boat wakes near designated
recommendations to resolve the problem, important Califomia black rail nesting areas in the

Delta from March to June to levels necessary to
I~trtotloat.E.- Under many flow conditions, prevent destruction of nests. This will help in
stranding is likely in the Yolo Bypass and is a recovery of this listed species (~).
minimal problem. However, under conditions in
which the Sacramento River reach high flows and PaOG~MATICACTION ~a,: Establish and
flow isdivertedinto the flood bypasses, and then enforce no wake zones within 50 yards of
flow quickly recede, stranding is likely a serious important California black rail nesting areas in the
problem. Timing also plays a important role in Delta from March to June.
determining the severity of the problem. The
California Department of Water Resources has PROGRAMMATIC ACTION 2B: Establish and
been investigating stranding of juvenile fish in the enforce no motorized boating zones in 5 to
Yolo Bypass and identified areas where remedial 25 miles of existing dead-end channels in the
actions are probably appropriate to reduce the Delta from March to June.
loss of juvenile fish. Further analysis is needed of
the potential magnitude of the problem and PROGRAMMATIC ACTION 2C: Establish and
additional options to reduce the potential severity enforce no motorized boating zones in the small
of the problem need to be identified tidal channels created in restored tidal freshwater

marshes and Delta floodplains of levee setbacks.

¯
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TARGET 3: Reduce boat wakes near important review of the scientific literature related to the
shallow water spawning areas in the Delta from principles and practice of habitat restoration.
March to June to levels necessary to protect Prepared for the CALFED Bay-Delta
successful spawning behavior and success. This Program.
will help in recovery of listed species (~).

Anderson, L. W. J. 1990. Aquatic weed problems
PROGRAMMATIC ACTION 2A-" Identify and management in North America. Pages
important shallow water spawning areas and 371-405 in H. Pieterse and K. J. Murphy
establish and enforce no wake zones within 50 (eds.). Oxford University Press. New York,
yards of these important Delta habitats from NY.
March to June.

Atwater and Belknap. 1980. Tidal-wetland
Ir~rtot~at.E: Protecting the highest quality and deposits of the Sacramento-San Joaquin
largest berm island complexes will advance the Delta, California. In: M.E. field, A.H. Bouma,
ERPP’s strategy of protecting and restoring large I.P. Colburn, R.G. Douglas, and J.C. Ingle,
areas of habitat rather than small fragmented Eds. Quaternary Depositional Environments
areas (NationalResearch Council 1992; Resource of the Pacific Coast: Pacific Coast
Agency 1976; San Francisco Estuary Project Paleogeography Symposium 4, Proceedings
1992a," San Joaquin County 1979," U.S. Fish and of the Society of Economic Paleontologists
Wildlife Service 1992). and Mineralogists, Los Angeles, CA.

Actions taken to restore ecologicalprocesses and Baltz, D. M., and P. B. Moyle. 1984. The
functions, increase and improve habitats, and influence of riparian vegetation on stream fish
reduce stressors in this Ecological Management communities of California. Pages 183-187 in
Zone are prescribed primarily to contribute to the Richard E. Warner and Kathleen M. Hendrix
recovery of aquatic species such as winter-run, (eds), California riparian systems: ecology,
spring-run, and late-fall-run chinook salmon," conservation, and productive management.
green sturgeon; splittail; They University of California Press.andsteelhead. will
also contribute to the recovery of species such as
the black rail. (Madrone 1980; Schlosser 1991; Bay-Delta Oversight Council. 1993. Draft briefing
San Francisco 1992a; U.S. Fish of the SanEstuary Project biologicalpaperson resources
and Wildlife Service 1978; Schlorff1991). Francisco Bay/Sacramento-San Joaquin Delta

Estuary.
Additional research is needed to identify
important shallow water spawning areas and the .1994. Draft briefing paper on
potential adverse effects of boat traffic on the introduced fish, wildlife and plants in the San
spawning success of native Delta fishes. Francisco Bay/Sacramento- San Joaquin Delta

Estuary.
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30.10, Title 14, California Code of resources: effects of Tracy pumping plant and
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model for SRA cover, selected reaches of the
Chadwick, H. K, and C. E. Von Geldern. 1964. Sacramento River system. February. U.S. Fish
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17(2):225-238.
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¯ SUiSUN MARSH/NORTH SAN FRANCISCO
BAY ECOLOGICAL MANAGEMENT ZONE

vo.oy m  ato
Bay and depend on the North Bay and marshes for
some critical part of their life cycle. Many Pacific
Flyway waterfowl and shorebirds pass through or
winter in the North Bay and marshes. The North
Bay and adjacent marshes are important nursery
grounds for many marine, estuarine and
anadromous fish species. Four runs of chinook
salmon, steelhead, green sturgeon, white sturgeon,
striped bass, lamprey, and American shad migrate

INTRODUCTION through the Delta on their journey between the
Pacific Ocean and Central Valley spawning rivers.
Young salmon may spend important weeks andSuisun Marsh and North San Francisco Bay are       months in

feeding theNorth Bay and marshesthe portions of San Francisco Bay downstream ofbefore migrating to the ocean. Many sturgeon and
the Delta and upstream of Central San Francisco

striped bass spend much of their lives in the NorthBay. These areas include San Pablo and Suisun marineBay.Many (ocean)speciesdependon theBays, the adjacent Suisun Marsh, and the Contra
North Bay as nursery area for young, includingCosta shoreline. North Bay was once bordered on
Pacific herring, northern anchovy, and Dungenessthe north by extensive marshes. Baylandscrab. Native resident fish, including longf’m smelt,

alteration has now reduced the marshes todelta smelt, and splittail, spend much of their livesnorthern San Pablo Bay and Suisun Bay, includingwithin the North Bay and marshes. Considerable
Petaluma, Napa, and Suisun marshes. Healthy

areas of waterfowl and wildlife habitat occur onmarshes provide many ecological benefitsand along the margins of the North Bay and in theincluding very high productivity, flood
marshes.moderation and shoreline protection. Many of the

tidal emergent marshes have been reclaimed for
Ecological factors having the greatest influence onagriculture, salt production, duck clubs, andNorth Bay and marsh fish and wildlife includemanaged freshwater marshes. These lands are
freshwater inflow from rivers, wetlands, riparianprotected from flooding by hundreds of miles of
vegetation, and aquatic habitat diversity. Stressorslevees. Remnants of the tidal salt marshes remain
include water diversions, poor water quality, legalalong the margins of San Pablo and Suisun Bay.and illegal harvest, wave and wake erosion, and

The largest intact undiked wetlands remaining in
introduced non-native plant and animal species.Suisun Marsh are associated with Cutoff SloughStressors to Suisun and North Bay saline emergent

and Hill Slough in north central Suisun Marsh.
plant communities supporting sensitive plant and
wildlife resources include freshwater dischargesSuisun Marsh and North San Francisco Bay which are outside of the natural variability of

fish,Supp°rtwaterfowl,many specieSshorebirds,Of natiVeand andothernOn-natiVewildlife, seasonal runoff. For example, fresh wastewater
treatment ouffalls sustained outside of the normalThis ecological management zone also supportsrunoff season have been proven detrimental to

many native plant communities including severalsaline emergent wetlands. Stressors may also
significant rare and endangered plants which areincludewatermanagementactivitieswhichresultdependent of wetland processes. All Central
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in increased depth and duration of flooding in highsubdivisions with differing ecological
marsh zone beyond the range of natural variabilitycharacteristics: a southern reach consisting of
and seasonality. South Bay, and a northern reach composed of

Central, San Pablo, and Suisun Bays. The
DESCRI PTIO N OF THE southern reach receives little freshwater discharge,

leading to high salinity and poor circulation. It
MANAGEMENT ZONE also has more extreme tides. The northem reach

(which this vision addresses) directly receives
The Suisun Marsh/North San Francisco BayDelta outflow, is characterized by less extreme
Ecological Management Zone is the westernmosttides and a pronounced horizontal salinity
zone of the Ecosystem Restoration Program Plangradient, ranging from near full marine conditions
(ERPP). Its eastern boundary is the Collinsvillein Central Bay to near .fresh water conditions in
area, and to the west it is bounded by the westernSuisun Bay. Central and Suisun Bays contain
end of San Pablo Bay. The northern boundarysizeable islands, features not present in San Pablo
follows the ridge tops of the Coast Ranges andand South Bays.
includes the Petaluma River, Sonoma Creek, the
Napa River, and San Pablo Bay. This EcologicalHistorically (ca 1800), San Francisco Bay
Management Zone is composedoffiveEcologicalincluded more than 242,000 acres of tidally
Management Units: influenced bayland habitats and about 90,000

acres of adjacent habitats (Goals Project 1999).
¯ Suisun Bay and Marsh, Tidal marsh (190,000 acres) and tidal fiats (50,000
m Napa River, acres) accounted for 98°/’o of the bayland habitats.
¯ Sonoma Creek, Today, only 70,000 acres remain. In the Suisun
¯ Petaluma River, and Bay and marsh,- tidal marsh and tidal fiat habitats
¯ San Pablo Bay. have declined from 68,000 acres to about 15,000

acres. Similar declines have occurred in the North
Bay region with tidal marsh and tidal flats
declining from about 68,000 acres to about 25,000
acres (Goals Project 1999).

Today, the important habitat types in the Suisun
Marsh/North San Francisco Bay Ecological
Management Zone are tidal perennial aquatic
habitat, tidal saline emergent wetland, seasonal
wetland, perennial grassland, agricultural land,
and riparian habitat. The separation of wetlands
from tidal flows and the reclamation of emergent
wetlands have altered ecological processes and
functions in Suisun Marsh and the North Bay.

The general structure of San Francisco Bay is that
Removing tidal action from the marsh and

of a series of embayments, each containing abaylands soils has resulted in oxidation of the soil

central expanse of open water overlying subtidaland, subsequently, subsidence (settling) of interior

sediments, and ringed by intertidal wetlands,islands and adverse changes in wetland soils

mudflats, and/or rocky shores. These differentchemistry. Losing these processes and functions

kinds of areas constitute the major distinctivehas reduced available habitat for native species of
fish, plants, and wildlife; reduced water quality;habitat-typesof the ecosystem.Hydrologically,

the Bay may bedivided into two broad
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I and decreased the area available for dispersingassociated with high outflow years and rare events
flood waters and depositing suspended silt. such as extreme winter drought conditions which

this system experienced historically may be
Species that have been affected include the saltequally important in maintaining the biological
marsh harvest mouse, California clapper rail,diversity of this mixed salinity zone.
California black rail, waterfowl, shorebirds,
Suisun shrew, and many other wildlife species.Hydrology is the physical process with the
Many special-status plant species, including thegreatest influence on aquatic and wetland habitats,

I soft-haired bird’s beak, Suisun thistle, and Suisunthe many species of plants and animals that use
aster, have also been adversely affected. Manythe Bay, and the concentrations of pollutants in the
species of native marine, estuarine, freshwater,marshes and North Bay. In areas downstream of
and anadromous fish also depend on this habitatthe X2 isohaline (low salinity zone) which are
type for important parts of their life cycles. Fishwell-mixed, ocean tides clearly dominate over and
species that continue to depend on tidal marshesabove freshwater inflow. The historical
and adjoining sloughs, mudflats and embaymentsdominance of halophytic vegetation in Suisun
include delta smelt, longfin smelt, chinookMarsh also suggests that tidal hydrology may be
salmon, green sturgeon, white sturgeon, Pacificmore important to Suisun than freshwater inflows.

I herring, starry flounder, splittail, and striped bass.The historical tidal prism prior to diking of the
Suisun and North Bay marshes was also higher

Submerged aquatic vegetation (SAV), especiallythan present condition.

I seagrass, communities and habitats provide
valuable habitat for fish and invertebrates in theFreshwater inflow to the North Bay varies greatly
San Pablo Bay and north San Francisco Bay andfrom year to year. In 70 years of historical record,

i is an important foraging habitat for waterfowl. SanBay inflow has ranged from a high of 50 million
Pablo Bay contains the greatest acreages ofacre-feet (af) to a low of 8 million af, with an
seagrass of any water body in the Bay-Deltaaverage of approximately 24 million af. During

i system. The relative present-day rarity ofthis period, freshwater inflow to the Bay has
seagrass beds suggests it could be considered achanged markedly because of upstream water .
habitat of special concern in the system, storage in reservoirs and water-supply diversions

developed in 1940s, 1950s, and 1960s. Spring
i Ecological processes to a healthy inflows, once averaged 20,000essential Suisun freshwater which

Marsh and San Francisco Bay include freshwater
inflow, flood and floodplain processes, and

i aquatic foodweb processes. The disruption of
Historical Monthly Average Flow

ecological processes in this zone, such as
separating wetlands from tidal flows, has          asooo-
prevented the marshes from the accretion of          30000-
bottom sediments necessary to keep up with sea          2sooo -
level rise, reduced nutrient input to the zone, and         E 20000 -

I reduced the output of other organics and fixed ~ lsooo-
nutrients. Ecological processes essential to a          loooo-
healthy Suisun Marsh and San Francisco Bay           sooo-

I include both freshwater inflow within natural o

(unimpaired) variability and also tidal inflow to
deliver important ocean salts and maintain this             []

Historical Delta Outflow, 1972-1992 (Dry year is the 20thbrackish-salinesystem.Inaddition,rareevents
such asextreme pulse flow hydrographs percentile year; nomaal year is the 50th percentile or

median year.)
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to 40,000 cubic feet per second (cfs) in dry yearsoccur in late winter and spring during all but the
and 40,000 to 60,000 cfs in normal years, nowdriest years. Land reclamation and levee
average only 6,000 to 10,000 cfs in dry years andconstruction have eliminated much of the natural
15,000 to 30,000 cfs in normal years. In the driestNorth Bay floodplain. This floodplain reduction
years, spring freshwater inflows from the Deltaforces water to rapidly exit the marshes and bays
were formerly 8,000 to 14,000 cfs; presently these through confined channels and sloughs. While
flows average only 2,500 to 3,000 cfs. In dry and flows in most high rainfall years may be relatively
normal years, summer flows have remained in theunchanged, very large floods can devastate
range of 4,000 to 8,000 cfs, because channelsshoreline areas of the North Bay due to loss of
carry irrigation waterand Delta outflowneeded tofloodplain and flood basin storage and other
meet water quality criteria in the Delta. Winterdampening effects off leeds.
freshwater inflows from the Delta in dry and
normal years have been reduced from formerAquatic foodweb productivity in the North Bay
levels of 15,000 to 60,000 cfs to current levels ofhas declined over the past several decades due to
7,000 to 35,000 cfs because much of the runoffseveral factors, including loss of tidal exchange,
from winter rains and snowmelt is now stored inchanges in freshwater inflow, Delta conditions,
foothill reservoirs. Flows in highest rainfall yearswater diversions, water quality, and the
are relatively unchanged, although short-termintroduction of exotic species. Foodweb
peaks are reduced by flood-control storage inproductivity, beginning at the primary production
large foothill reservoirs, level (i.e., plant cell production), is essential to

maintaining important fish population. Primary
productivity in the North Bay and adjacent

Unimpaired Monthly Average Flow marshes depends on spring freshwater flow events
to bring in essential nutrients and recycle nutrients
in the marshes. Primary productivity has been
limited by heavy infestations of Asian clams that
efficiently filter algae from the water column thus
reducing the standing crop ofphytoplankton.

o~ 30000

With the reclamation of tidal marshes in the North
10000 Bay, there was an accompanying loss of shallow-

water aquatic habitats on which many marine,
estuarine resident and anadromous fish and
estuarine invertebrates depend. Shallow-water
habitats around the North Bay provide spawning

Unimpaired Delta Outflow, 1972-1992 (Dry year is the 20th
percentile year; normal year is the 50th percentile or and rearing habitat for many native resident Bay-

median year.) Delta fishes and important rearing and migratory
habitat for many Central Valley salmon and

Freshwater inflows from the local watershed in thesteelhead populations. Tidal perennial aquatic
Vaca Mountains and Coast Range have also beenhabitat benefits native waterfowl, wading and
modified from historic conditions. This influence,shorebirds, and other wildlife, as well as native
however, needs further review to clarify potentialplants that depend on such habitat.
adverse downstream impacts.

Lakes and ponds (nontidal perennial aquatic
Natural flood and floodplain processes are thehabitats) found behind levees on reclaimed islands
periodic inundation of the floodplain during tidalsupport simple invertebrate communities, riparian
cycles and peak flow events that would typicallyhabitat, and wintering waterfowl. Such habitat
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within the North Bay also benefits waterfowl, asto many waterfowl, shorebird, and other wildlife
well as many plant and wildlife species, species.

After more than 100 years of land reclamationUpland habitats are found mainly on the outer
activities in the North Bay and marshes, manyedges of the North Bay and adjacent marshes.
linear miles of natural sloughs have been lost.They consist primarily of grasslands and remnant
Sloughs are important spawning and rearing areasoak woodland and oak savanna (intermittent
for many Bay-Delta fish species, as well aswoodland and grassland). Perennialgrasslands are
waterfowl and other wildlife. Of the natural an important transition habitat for many wildlife
sloughs that remain, most have severely degradedspecies and are buffers to protect wetland and
natural habitat values from loss of the tidal prism,riparian habitats. Much of the grassland habitat
dredging, levee confinement, riparian vegetationassociated with wetlands has been lost to
loss, high water flow, and poor water quality (i.e.,agriculture (i.e., pasture, grain, vineyards, and
from municipal, industrial, and agriculturalorchards) and development (i.e., home
drains), construction, golf courses). Grasslands are

important buffers for wetland habitat and provide
Tidal marshes (including tidal perennial aquatichabitat for many plant and animal species.
habitat, saline emergent wetlands, tidally
influenced fresh emergent wetlands, and sloughs), "Riparian habitat, both forest and shrub, is found
once the most widespread habitat in the Bay-on the water and land side of levees, berms, berm
Delta, are now restricted to remnant patches,islands, and in the interior of some islands. This
There have been extensive losses of salinehabitat ranges in value from disturbed (i.e., sparse,
emergent wetland habitat in the North Bay andlow value) to relatively undisturbed (i.e., dense,
adjacent marshes. Most of the remaining salinediverse, high value). The highest value riparian
emergent wetlands lack adjacent upland transitionhabitat has a dense and diverse canopy structure
habitat and other attributes of fully functioningwith abundant leaf and invertebrate biomass. The
saline emergent wetlands because of agriculturalcanopy and large woody debris in adjacent aquatic
practices and urban and industrial development,habitat provide the shaded riverine aquatic habitat
Saline emergent wetlands provide importantthat many important fish and wildlife species
habitat for many plants, waterfowl, and otherdepend on during some portion of their life cycles.
wildlife In saline The lower value habitat isspecies. addition, emergent riparian frequently
wetlands contribute important plant detritus andmowed, disced, or sprayed with herbicides,
nutrient recycling to the aquatic foodweb of theresulting in a sparse habitat structure with low
Bay-Delta estuary, as as important species diversity.well habitatto
some fish and aquatic invertebrate species.

Riparian habitat is used by more wildlife than any
Seasonal wetlands include vemal pools, wetother habitat type. From about 1850 to the turn of
meadows or pastures, and other seasonally wettedthe century, most of the riparian forests in the
habitats, such as managed duck clubs. Most of thisBay-Delta were cut down for fuelwood as a result
habitat is located on levee-protected lands. Suchof the Gold Rush, river navigation, and
habitats were once very abundant during theagricultural clearing. Remnant patches are found
winter rainy season or after seasonal flooding,on levees, channel islands, and along the margins
With reclamation, flooding occurs primarily from of the North Bay and adjacent marshes. Riparian
accumulation of rainwater behind levees, fromhabitats and their adjacent shaded riverine aquatic
directed overflow of flood waters to bypasses, or habitat benefit many fish and wildlife species.
from flooding leveed lands (e.g., managed
wetlands). Seasonal wetlands are important habitat
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Agricultural habitats also support populations ofDredging and disposal of dredge materials have
small animals, such as rodents, reptiles, andcontributed to the loss and degradation of
amphibians, and provide opportunities forimportant aquatic habitats such as tidal wetlands,
foraging raptors (soaring birds of prey, such asmudflats, and sloughs in the North Bay and
hawks and eagles). Nonflooded fields and pasturesadjacent marshes.
are also habitat for pheasants, quail, and doves.
The North Bay and adjacent marshes support aOver the past several decades, the accidental
variety of wintering and breeding raptors,introduction of many marine and estuarine
Preferred habitat consists of tall trees for nestingorganisms from the ballast waters of ships from
and perching near open agricultural fields, whichthe Far East has greatly changed the planktonic
support small rodents and insects for prey. Bothand benthic invertebrate fauna of the Bay-Delta,
pasture land and alfalfa fields support abundantwith further ramifications higher in the foodweb.
rodent populations. The Swainson’s hawk, aFurther changes can be expected if restrictions are
raptor species listed by the State as threatened,not made on ballast water releases into the San
breeds and occasionally winters in the Bay-Delta.Francisco Bay and Delta.

Water diversions in the North Bay and adjacentToxins continue to enter the North Bay and
marshes divert freshwater inflow and brackishadjacent marshes in large amounts from
waters. Though diversions vary seasonally,municipal, industrial, and agricultural discharges.
relatively high rates can occur in any month of theThe toxins have had a demonstrated effect on the
year. Most water diverted from the North Bay and health, survival, and reproduction of many
marshes is used locally. With many diversionsimportant Bay-Delta fish and their foodweb
unscreened or poorly screened, great numbers oforganisms. Toxins in fish tissues are also a health
fish and aquatic invertebrates are lost. In additionrisk to people who eat Bay-Delta fish. Continued
to organisms, diversions remove areductions of toxins from discharges and releases
disproportionately large portion of the nutrientsfrom the sediment (e.g., disturbed by natural
and detrital (organic debris) load that drive theforces and dredging) are essential to the
Bay-Delta foodweb. Losses of fish, invertebrates,restoration program.
and nutrients and organic debris limit the potential
for the recovery of many fish species andThe legal and illegal fish harvest may limit
improving Bay-Delta aquatic foodweb recovery of some populations in the Bay-Delta
productivity. Lack of adequate screening andand its watersheds. Sturgeon harvest in the North
location of water diversions in sensitive areasBay and elsewhere may affect recovery of these
contribute to the loss of important fish and aquaticpopulations.
foodweb organisms.

Boat traffic in sloughs and channels contributes to
Levee construction and bank protection have ledthe erosion of remaining shallow water, riparian,
to the loss of wetland and shallow-water habitatand wetland habitat. High boat speeds and traffic
throughout the North Bay and adjacent marshes,in channels where remnant or restored habitats are
Habitat on levees and shorelines needsexposed to wave erosion jeopardize remnant
improvement to restore biodiversity andhabitat and limit the potential success of habitat
ecological functions needed for Bay-Delta aquaticrestoration efforts. For example, an increase in jet
and wildlife resources. Riparian habitats in thisski use in Suisun Marsh following the
zone are found along the tributary streams in theimprovement of local public launch facilities is
upper reaches. Riparian habitat is not generallyalso causing erosion and noise disturbance
found in areas subject to reclamation by leveeproblems directly impacting sensitive channel side
construction due to high salinity.
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I plant communities and nesting clapper rails inyoung and juveniles. Populations appear to be
relict tidal marsh habitats, stable, but the green sturgeon is a California

I species of special concern due to low population
The delta smelt population of the Bay-Deltasize. Sturgeon benefit from high late winter and
estuary is a federally and state-listed threatenedspring freshwater inflow, a productive aquatic

I species. It depends on the North Bay and adjacentfoodweb, and bay habitat. Legal and illegal
marshes for spawning and rearing habitat. It livesharvest and losses to water diversions may be
in fresh and brackish bays and sloughs of the Bay-limiting population abundance.

I Delta. Its decline is related to poor habitat
conditions during drought periods. It benefits fromAll four runs of chinook salmon in the Central
high freshwater inflow, particularly during the lateValley depend on the North Bay and adjacent

I winter and spring of dry years, adequate sloughmarshes during at least a portion of their life
and shallow water habitat, reduced effects ofcycle. The North Bay and adjacent marshes
water diversions, and increased the aquaticprovide migratory and rearing habitat for salmon

I foodweb productivity, in all months. Many chinook salmon populations
have declined in recent decades from a

The longfin smelt populations of the Bay-Deltacombination of ocean, river, and Bay-Delta

I lives within the brackish water and saltwater offactors. Freshwater flow reductions through the
northern San Francisco Bay and migratesBay-Delta and increases in water diversions have
upstream into the Delta to spawn. The decline inled to declines in salmon populations. Improving

i the longfin smelt population has coincided with alate winter and spring freshwater flows through
number of changes in the estuary including: lowthe Bay-Delta and reducing losses to diversions
flows in late winter and spring, reduced freshwaterare essential needs in salmon recovery.
flows through the Delta and into Suisun Bay,I water diversion (particularly in drier years), andChinook salmon also benefit from lower water
contaminants, temperatures in spring and fall, as well as

adequate aquatic habitats and high foodweb

I Like delta smelt, is a native resident productivity. Tidal perennial marsh habitat andsplittail
species of the Bay that depends on the North Bayadjoining sloughs and aquatic habitats in the North
and adjacent marshes for much of its life cycle forBay and adjacent marshes are important juvenile

I spawning, rearing, and feeding. The splittail is arearing habitat. Juvenile chinook salmon are lost
recently listed federal threatened species. Theto water diversions in North Bay and adjacent
Bay-Delta population has declined, especiallymarshes.

I during recent droughts. Splittail depend primarily
on shallow water habitats, including shorelines,Steelhead were historically present in the Napa
sloughs, and aquatic habitats associated withRiver, Sonoma Creek, and Petaluma River

I wetlands and floodplain lands subject to seasonalEcological Management Units, and are still
inundation (e.g., the adjacent marshes of the Northpresent in most of these streams. The major factor
Bay). The splittail population benefits fromlimiting steelhead populations in these streams is

I wetland and slough habitat, a more productiveagricultural development including water
aquatic foodweb, and higher late winter and springdiversion, barriers due to diversion dams, high
freshwater flows during dry years. Losses to waterwater temperatures and other water quality

I diversions may also be a limiting factor, impacts from urban and agricultural runoff.

White sturgeon and green sturgeon populations inThe striped bass population of San Francisco Bay

I the Central Valley use the North Bay forand the Sacramento and San Joaquin rivers
migrating, feeding, and as a nursery area fordepends on the North Bay and adjacent marshes
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for much of its life cycle. The North Bay andresidents will also benefit from more natural
adjacent marshes provide important feeding andfreshwater flow patterns, improved water quality,
juvenile rearing habitat for striped bass. Reducedand reduced losses to water diversions.
freshwater flow and increased water diversions
have resulted in a declining striped bassMarine fishes include many species that are
population over the past several decades. Poorabundant and important ecologically in the Bay
Bay-Delta water quality may also be limitingand coastal waters. Two ecologically valuable
survival of young and adults. Striped bass alsospecies are the Pacific herring and northern
benefit from high aquatic foodweb productivity, anchovy, whose young are important in the
Loss of tidal perennial aquatic, wetland, andfoodweb as prey of salmon, sturgeon, and striped
slough habitats may also limit striped bassbass, as well as other fish and waterfowl such as
production. Many striped bass young are lost incormorants and tems. Pacific herring, Dungeness
water diversions. Artificially rearing young stripedcrab, and Bay shrimp also support commercial
bass salvaged at south Delta pumping plant fishfisheries. Starry flounder contribute to the local
facilities or supplementing production withBay-Delta sport fishery. The Bay and Delta are
hatchery reared fish may be necessary to sustainessential spawning and nursery areas for many
the population under present limiting factors, marine fish and invertebrates found in the Bay and

coastal waters.
American shad is an anadromous fish that spawns
in the Sacramento River and its major tributaries.Factors that affect the survival and production of
They pass through the Bay-Delta on theirmarine fish and invertebrates in the Bay-Delta
upstream spawning migration in spring, and in theinclude Delta outflow, water diversions, foodweb
fall, young fish pass through on their way to theproductivity, availability and quality of shallow
ocean. A small portion of the population rears inwater and wetland habitats, and water quality. In
North Bay waters. Though the population appearsaddition, the aquatic foodweb is linked to the
stable and healthy, low productivity in droughttransitional wetland foodweb which extends up
periods is a concern. American shad production isinto the high marshes and adjacent uplands. These
higher with higher late winter and springare important ecological links which contribute to
freshwater flow through the Bay-Delta in dry andthe detrital based portion of the aquatic foodweb.
normal rainfall years, improved aquatic foodweb
production, and lower relative rates of waterImprovements in production and survival of
diversions, marine and estuarine fishes in the Bay and Delta

will provide ancillary benefits to important
There are many native and non-native fish speciesestuarine, anadromous, and resident fishes of the
resident to the Delta, like delta smelt and split-tail,Bay-Delta.
that will benefit from improved aquatic habitats
and foodweb production in the Delta. Many native Many marine species depend on the North Bay
fish species have declined gradually over the pastand adjacent marshes for spawning or as nursery
century from habitat loss and non-native fishareas. Pacific herring spawn in the Bay each
introductions. More recently native residentwinter, and their young are abundant in the North
(nonmigratory) species have further declined fromBay into summer. Young northern anchovy
changes in freshwater flow, water diversions, poorspawned in the ocean enter the North Bay each
water quality, and further non-native speciessummer to feed. Starry flounder, shiner perch, and
introductions and habitat degradation. For many ofmany other marine-estuarine fish also use the Bay
these species, improvements to their nativefor spawning, rearing, and feeding. Dungeness
habitats, including sloughs and tidal marshes, arecrab use the North Bay as a nursery area. Several
essential in restoring these populations. Nativeshrimp species are abundant in the North Bay.
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I Bay-Delta aquatic foodweb organisms include tidal salt marshes and its population has declined
bacteria, algae, zooplankton (e.g., copepods and with the loss of tidal salt marsh habitat.
cladocerans), epibenthic invertebrates (e.g.,
crayfish, Neomysis and Crangon shrimp), and Herons, egrets, and other shorebirds and wading
benthic invertebrates (e.g., clams). Foodweb birds breed and winter throughout the Central

I organisms are essential for the survival and Valley, the North Bay, and adjacent marshes.
productivity of fish, shorebird and other higher Their populations depend on aquatic and wetland
order animal populations in the Bay-Delta estuary, habitats. Shorebirds and wading birds will benefit

I Some organisms are non-native species (e.g., from restoring wetland, riparian, aquatic, and
certain zooplankton and Asian clams) that may be agricultural habitats.
detrimental to native species and the foodweb in

I general. Recent declines in aquatic foodweb Many waterfowl species overwinter in the Bay-
organisms of the Bay-Delta, particularly in drier Delta and depend on high-quality foraging habitat
years, has caused a reduction in overall Bay-Delta to replenish their energy reserves. They depend on

I productivity. Important aquatic foodweb wetland, riparian, aquatic, and agricultural
organisms include algae, bacteria, rotifers, habitats. Many resident and migratory waterfowl
copepods, cladocera, and mysid shrimp, species will benefit from improved aquatic,

I wetland, riparian, and agricultural habitats.
Once possibly abundant, the giant garter snake
and western pond turtle are now rare in the Bay- LIST OF SPECIES TO BENEFIT FROM

i Delta. Improvements in wetland, riparian, and RESTOi~,TION ACTIONS IN THE
grassland habitats around the Delta margins could SUISUN MARSH/NORTH SAN
greatly benefit these species. FRANCISCO BAY ECOLOGICAL

I Once abundant in the Bay-Delta, Swainson’s
MANAGEMENTZONE

hawks are now rare. Improvements in agricultural, ¯ delta smelt

I grasslands, and riparian habitats will aid in ¯ longfin smelt
Swainson’s hawk recovery. ¯ splittail

¯ chinook salmon
The Califomia clapper rail is State and federally ¯ steelhead troutI listed as an endangered species. A long-term ¯ striped bass
decline in tidal emergent wetlands has reduced the ¯ green sturgeon
population in the Bay-Delta. ¯ white sturgeon

I ¯ American shad
A long-term decline in emergent wetlands has ¯ native resident fishes
reduced the California black rail population in the ¯ Pacific herringI Delta. Restoring emergent wetlands in the Delta marinefishesandshetlfishes
should aid in California black rail recovery.           ¯ Bay-Delta foodweb organisms

i ¯ grass shrimp
The Suisun song sparrow lives only in the Suisun ¯ special status plants
Bay marshes. It depends on brackish marsh and ¯ California freshwater shrimp
riparian habitats. Its population has declined with ¯ giant garter snakeI the loss of brackish marshes. westernpondturtle

¯ Swainson’s hawk
The salt marsh harvest mouse is a State and ¯ California clapper railI federally listed endangered species. It depends on ¯ railCaliforniablack

¯ Suisun song sparrow.
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¯ salt marsh harvest mouse many fish, including chinook salmon, striped bass,
¯ San Pablo California vole splittail, and delta smelt. The Suisun Marsh
¯ Suisun ornate shrew Salinity Control Structure was constructed near
¯ shorebirds the eastern slough entrance and began operation in
¯ wading birds the fall of 1988 to limit the tidal influx of saltwater
¯ waterfowl from the Bay into Suisun Marsh. The salinity
¯ Delta green ground beetle, control structure operates from September through

May by closing during flood tides and opening
DESCRIPTIONS OF during ebb tides to keep salinity in the slough low

ECOLOGICAL MANAGEMENT
throughout the managed wetland flooding season.

UNITS Efforts in the 1970s resulted in protecting the
Suisun Marsh, the largest remaining brackish

SUISUN BAY AND MARSH marsh in California. The marsh is an extremely
ECOLOGICAL MANAGEMENT UNIT important resource for migratory waterfowl,

associated wildlife (including several threatened
The boundaries of the Suisun Bay and Marshand endangered species), and many fish species.
Ecological Management Unit are Collinsville onThe marsh also harbors sensitive plant species and
the east, the Contra Costa County shoreline to thecommunities including several rare species. The
south, the Richmond-San Rafael Bridge to theSuisun thistle is a Suisun endemic and is found
west, and the ridge tops of the Coast Ranges to thenowhere else in the world. The Suisun Marsh
north. The marshland and bay are in a valley,Protection Plan played a key role in reducing
bordered on the north and south by the Coastdevelopment pressure and other adverse impacts
Ranges. The predominant habitat types in thisassociated with human disturbance, such as
zone are tidal perennial aquatic habitat, tidalaccidental fires, careless application of pesticides
brackish emergent wetland, seasonal nontidaland herbicides, and urban runoff.
wetland, and grassland. The marsh is primarily a
managed wetland, with levees to control water NAPA RIVER ECOLOGICAL
level and seasonal flooding with fresh water. M/M~IAGEMENT UNIT

Historically, the eastern portion of Suisun MarshThe Napa River Ecological Management Unit is
was predominantly tidal fresh and brackish waterwithin the Napa River watershed and includes the
marsh. The western portion of the marsh wasriver, an extensive marsh/slough complex, and the
predominately fresh and brackish marshland withlower river estuary connecting to San Pablo Bay.
more saline marsh existing on the western edge.Historically, this area was nearly all tidal salt
Within these broad marshes were sloughs,marsh and tidal brackish marsh dominated by the
channels, ponds, and small bays. Except for partsflow patterns of the lower Napa River (Goals
of Suisun Bay, the segment had relatively fewProject 1999). Currently, most of the baylands
tidal flats. Large areas of moist grasslandshave been reclaimed for salt or agricultural
connected the baylands with upland areas (Goalsproduction. A network of sloughs fringed by
Project 1999). saline emergent marsh is also present. The sloughs

have become silted as a result of lost tidal prism.
An extensive network of sloughs conveys tidalThe baylands are surrounded by uplands
flows and some freshwater flow into the marsh,composed primarily of grasslands which are
Montezuma Slough, the largest of these, israpidly being converted to urban and agricultural
connected to Suisun Bay at its eastern and western(vineyard) uses. In the north, natural upper river
ends. The slough is an important nursery area forwatershed habitats have been reduced by
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agricultural and urban development and floodthe watershed are characterized by oak
control measures. Vernal pools and other seasonalwoodlands, chaparral, and mixed conifer habitats.
wetland habitats characteristic of the upperAs in the Napa River Ecological Management
watershed have been almost entirely eliminated inUnit, much of the vernal pool, seasonal wetland
the Napa River Ecological Management Unit. and oak savanna habitat previously present on the

valley floor has been eliminated as a result of
The Napa River historically consisted of a fairlyagricultural and urban development.
broad riparian corridor and programs to restore
riparian and shaded riverine aquatic habitat will be PETALUMA RIVER I~COLOGIC/M.
an important component of the program, I~IANAGEMENT UNIT
particularly in the upper Napa River area to
provide habitat for wildlife and aquatic habitat forThe Petaluma River Ecological Management Unit
fish species. The tidal marshes of this area are ofis located west of the Sonoma Creek unit on the
limited size and habitat quality due to pastnorthwest margin of San Pablo Bay. The habitat
reclamation. Remaining tidal marshes are lineartypes in this watershed are marsh wetlands and
with little channel development. The largeruplands, such as grassland. The lower portion of
sloughs have silted up due to a reduced tidalthe watershed is composed of tidal marshes and
prism, sloughs, and diked seasonal wetlands and historic

bayland which have been reclaimed for
SONOWIA CREEK I=COLOGICAL agriculture. Historically, tidal marsh was the

MANAGEMENT UNIT dominant habitat type in this ecological
management unit. Salt marsh existed near the

The Sonoma Creek Ecological Management Unitmouth of the Petaluma River, and small tidal flats
is located southwest of the Napa River Ecologicalexisted at the river mouth (Goals Project 1999).
Management Unit. The main habitat types in the
area are tidal and seasonal marsh, tidal sloughs,The diked agricultural lands intermittently pond
and upland areas, such as vernal pools, grassland,water during the rainy season which provided
and savanna. Historically, this area was nearly allhabitat for shorebirds and waterfowl. The
tidal salt marsh and tidal brackish marsh. Somesurrounding uplands are characterized by open
areas of moist grasslands existed to the north andgrasslands and oak savannas. This unit contains
west along upper Sonoma Creek and in thethe largest extant natural tidal marsh on the west
drainages surrounding Lake Tolay (Goals Projectcoast. The upper watershed is rapidly developing
1999). with Petaluma, the largest city. Agricultural uses

include grazing, oat hay production, and
The lower portions of the unit are baylands,vineyards.
composed of tidal sloughs with fringing marshes,
some managed lands, SAN PABLO BAY ECOLOGICALdiked wetlands,dikedfarm
mostly oat and hay, and surrounding uplands MANAGEMENT UNIT
characterized by grasslands, vernal pools, and oak

quickly being The San Pablo Bay Ecological Management Unitwoodlands convertedto vineyards.
Tidal marshes and channels are reduced as a resultincludes San Pablo Bay and the adjacent mudflat
of reclamation. Seasonal wetlands develop duringand marsh baylands, both diked and non-diked.

Habitat varies from deep bay marine habitat totherainyseasonon reclaimedagriculturallands.
Urban development along the upper river isedge mudflats and marsh/slough complexes. Bay
associated with the city of Sonoma. Vineyards arehabitat varies from nearly fresh water at its eastern
the predominant land use in the upper watershed, freshwaterend,duringperiodsof high outflow,to
particularly on the valley floor. The mountains ofnearly seawater salinity levels (32 parts per
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thousand) during the periods of lowest outflow at pannes, and beaches to optimize habitats for
the western end of San Pablo Bay. Salinity in the many species of fishes, shorebirds, and
bay is stratified (layered) during high outflow waterfowl,
conditions, but is not stratified in dry
periods/years. The mixing zone is upstream is San̄ utilize managed saline and seasonal ponds
Pablo Bay in dry years, near mudflats to provide high-tide habitat for

shorebirds,
Historically, this unit supported large tidal
marshes that were bordered by extensive mudflats̄ provide natural habitat transitions between
(Goals Project 1999). Although it is generally less bayland habitats and adjacent upland habitats
productive than the less saline Suisun Bay to the to provide habitat required by many special
east, San Pablo Bay is a productive estuary that status plant species,
has important spawning and rearing habitat for
many marine, estuarine, and anadromous fish and̄ provide continuous corridors of riparian
marine-estuarine invertebrates (e.g., shrimp, crabs, habitat along streams tributary to the Bay, and
and clams).

¯ maintain upland buffers to protect all existing
VISION FOR THE and restored wetland habitats from

disturbance.
ECOLOGICAL

MANAGEMENT ZONE The vision for the Suisun Marsh/North San
Francisco Bay Ecological Management Zone

The vision for the Suisun Marsh/North Sanincludes providing a more natural freshwater

Francisco Bay Ecological Management Zoneoutflow pattern from the Delta in dry and normal

includes the concept of "whole marshrainfall years, restoring tidal and nontidal

management." This vision embodies keywetlands, restoring tidal perennial aquatic habitat,

parameters needed to successfully restoreand screening unscreened and poorly screened

ecological processes, habitats, and to restore,diversions. These changes will assist in the

maintain, or recover a wide diversity of fish,recovery of special-status species and increase

wildlife, and plant species, important fish, wildlife, and plant communities.
Local and regional agency and stakeholder

The Goals Project (I 999) proposed a series of key initiatives will help attain this vision.

considerations in restoration of the Suisun
Marsh/North San Francisco Bay EcologicalThe vision focuses on improving the natural

Management Zone. The considerations include:freshwater inflow pattern to San Francisco Bay
and restoring important, tidally influenced aquatic

¯ large, connected patches of tidal marsh habitatand wetland habitats and adjacent uplands. Other

centered on existing populations of speciesfocal points are reducing stressors, such as non-

concern (e.g., salt marsh harvest mouse,native marine invertebrates in ship ballast water
and contaminants in municipal, industrial, andCaliforniaclapperrail),
agricultural discharges into the Bay, and reducing

¯ placement of tidal marshes along the edge oflosses of juvenile fish and th’eir food organisms at

the Bay an at the mouths of tributary streamsunscreened diversions. Habitat improvements will

to maximize benefits for aquatic organisms, benefit the salt marsh harvest mouse, Suisun song
sparrow, California clapper rail, and California
black rail, as well as many native waterfowl andincorporatingnaturalfeaturessuch as large

tidal channels, marsh ponds, transitionalwildlife species living in and around the North
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Bay. Improving freshwater inflow and habitat willhabitat and establishing connectivity among these
benefit delta smelt, splittail, chinook salmon,areas. Enlarging the San Francisco Bay and San
striped bass, longfin smelt, and other anadromousPablo Bay National Wildlife Refuges and other
and resident marine and estuarine fishes and largerState and local wildlife areas; expanding
marine invertebrates (e.g., shrimp, crabs, andrestoration efforts in the Napa Marsh area,
clams) of the Bay, as well as the estuarinePetaluma Marsh, and Sonoma baylands; and
foodweb (e.g., algae and planktonic and bottom- restoring connectivity among these features will
dwelling animals) on which the fish depend,help achieve the vision for this Ecological
Separate visions have been prepared for manyManagement Zone. Expanding restoration efforts
of these processes, stressors, habitats, and species,in the northeastern portion of Suisun Marsh and
Volume I contains additional detail on the statusrestoring connectivity with areas such as the
and restoration needs of these resource elementsJepson Prairie Preserve in the ¥olo Basin
and the specific restoration approach. Ecological Management Zone and the

Sacramento-San Joaquin Delta Ecological
The vision for the Suisun Marsh/North SanManagement Zone will also contribute to this
Francisco Bay Ecological Management Zone iseffort.
closely tied to the vision for the Sacramento-San
Joaquin Delta Ecological Management Zone. It isPotentially high-quality spawning, rearing, and
indirectly related to visions for the mainstemmigrating habitat will be restored to benefit
rivers and tributary watersheds. Flows andimportant fish species that use Suisun Marsh and
habitats in these areas are integrally linked. Manythe Bay during at least a portion of their lives.
important anadromous fish and waterfowl speciesThis effort includes improving freshwater inflow
that use the Central Valley are affected bypatterns, particularly in dry and normal water
conditions in multiple Ecological Managementyears, and restoring extensive areas of tidal
Zones. aquatic and wetland habitats in Suisun Marsh and

the Bay.
Restoring Suisun Marsh and North San Francisco
Bay will improve the production of VISIONS FOR ECOLOGICALnatura’l
marine, estuarine, and anadromous fish; resident MANAGEMENT UNITSwildlife; migratory waterfowl; other winter

and neotropical birds; and special-statusmigrants
plants, plant communities, and associated SUISUN BAY AND MARSH

terrestrial invertebrates. Several waterfowl species I=COLOGICAL MANAGEMENT UNIT

whose populations have declined in recent times,
such as the canvasback and redhead, should alsoThe vision for the Suisun Bay and Marsh

benefit. Ecological Management Unit is to restore tidal
marsh and to restore and enhance managed marsh,

Improving Suisun Marsh and North San Franciscoriparian forest, grassland, and other habitats.

Bay health will help to achieve the restoration
goals set for the Sacramento-San Joaquin DeltaEfforts and opportunities to restore tidal action to

Ecological Management Zone. Likewise,selected managed wetlands and promote natural

improving conditions in the Sacramento-Sanriparian and wetland succession in Suisun Marsh

Joaquin River Delta (Delta) will benefit the Bay.will be expanded. Shallow-water, wetland, and
riparian habitats within the marsh and along the

Goals for the Suisun Marsh/North San Franciscoshorelines of the Bay will be protected and

Bay Ecological Management Zone includeimproved, where possible. Upland habitats

protecting and enlarging remaining areas of nativeadjacent to riparian and wetland habitats will also

~ ~
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be protected and improved. Efforts will focus on acreage of tidal wetlands and associated tidal
increasing the acreage open to tidal flows (e.g., byperennial aquatic habitat increases.
removing or opening levees) and providing
connectivity among habitat areas to aid in the NAPA RIVER I=COLOGICAL
recovery of species, such as the salt marsh harvest MANAGEM ENT U N IT
mouse, clapper rail, and black rail. Those habitat
areas will provide essential shelter and nestingThe vision for the Napa River Ecological
cover during high tides. Improving marsh andManagement Unit is to restore large areas of tidal
slough habitats will benefit chinook salmon,marsh to benefit salt marsh harvest mouse and
striped bass, delta smelt, splittail, and otherCalifornia clapper rail, manage inactive saltponds
estuarine resident fish in the marsh and Suisunto benefit waterfowl; restore a continuous band of
Bay. tidal marsh along the bayshore to benefit fish

species; improve tidal circulation; manage diked
Diverting water from Suisun Marsh channels forwetlands and seasonal wetlands to improve
managed nontidal wetlands and controlling theseasonal ponding for shorebirds, wading birds and
salinity of water entering the marsh throughwaterfowl; enhance riparian vegetation and
Montezuma Slough will continue, but withmarsh]upland transitional habitats; and provide
consideration for maintaining the naturalupland buffers.
hydrologic regime and salinity levels of the slough
and marsh. Efforts to screen diversions in theRestoration efforts will be focused in the Napa
marsh will also continue to minimize theMarsh Wildlife Area, Cullinan Ranch, and Scagg
entrainment of juvenile fish. Water qualityIsland. Habitats should be protected and natural
standards specified in the 1995 Water Qualityexpansion and succession should be supported to
Control Plan will be met in the eastern marsh andrestore large, contiguous (connected) areas of tidal
at several locations in the central marsh. Flowssaline emergent wetland, riparian, and upland
into the northwestern marsh will be improved, habitats. The existing habitat areas are sparse and

low quality, because dikes and levees have
Water diversions from Suisun Bay for cooling atdisrupted the natural tidal flows and sediment
the Pittsburg power plant will be conducted withsupply that are essential to maintain marsh habitat.
minimal adverse effects on eggs, larvae, andRestoring tidal action to additional portions of the
juvenile fish. New fish screening technology ormarsh and improving water quality will enhance
alternative sources of cooling water (such asthe health of the marsh. This, in turn, will aid in
cooling towers) will be considered, the recovery of species, such as the salt marsh

harvest mouse and clapper rail in the southern part
Oil refinery operations in the Bay will be modifiedof the Ecological Management Unit. Fish species,
to reduce discharges of highlevels of such as chinook salmon, striped bass, splittail, and
contaminants,suchasselenium. delta smelt, will benefit from the improved health

of the marsh and associated improvements in the
Suisun Marsh and Suisun Bay will function astidal slough complex and lower river estuary.
high-quality spawning and rearing habitat and an
effective fish migration corridor. A healthy Suisun SONOMA CREEK ECOLOGICAL
Marsh-Bay ecosystem will be an important link in M/~NAGEMENT UNIT
the estuary foodweb by improving primary and
secondary productivity. Marsh and BayThe vision for the Sonoma Creek Ecological
productivity will improve as freshwater inflowManagement Unit is to restore large patches of
eventsincreasein dry alld normalyearsand tidal marsh along the entire shoreline of San Pablo

Bay; restore tidal marsh along Sonoma Creek;
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establish managed mars ’or enhanced seasonal SAN PABLO BAY ECOLOGICAL
pond habitat for shorebirds; enhance riparian MANAGEMENT UNIT
habitat along Sonoma Creek; and enhance
marsh/upland transitional habitats. The vision for the San Pablo Bay Ecological

Management Unit is to restore tidal marsh along
Existing habitat will be maintained, and current the bayshore and to establish managed marshes or
and future restoration efforts in NapaJSonoma enhance seasonal pond habitat on agricultural
Marsh will be expanded. The marsh is sparse and baylands not restored to tidal action.
low quality, because dikes and levees have
disrupted the natural sediment supply essential for The ecological health of San Pablo Bay and its
maintaining marsh habitat. Leveed, historic function as an important nursery area for marine,
marshland will be opened to tidal action, creating estuarine, and anadromous fish can be improved
larger, more contiguous marsh areas. An by increasing freshwater inflow in spring during
expanded marsh/slough complex will support years with low and normal freshwater outflow,
greater salt marsh harvest mouse and clapper rail protecting and expanding tidal marsh/slough
populations, as well as splittail, delta smelt, habitat complexes along the margins of the bay,
juvenile chinook salmon, and striped bass. and reducing the input of pollutants into the bay.
Restoration ofexistingmanagedmarshlandsmay Removing dikes and levees along the bay’s
not be desirable as these lands support significant shoreline, where appropriate, will aid in the
numbers ofshorebirds and waterfowl. To achieve recovery and expansion of tidal emergent wetland
the restoration objective, acquisition and habitat.
restoration of other diked baylands may be
required. VISIONS FOR ECOLOGICAL

PETALUMA RIVER ECOLOGICAL PROCESSES

MANAGEMENT UNIT
CENTRAL VAIJ~’Y STREAMFLOWS: A healthy

The vision for the Petaluma River Ecological patternof freshwaterinflowtoSuisunMarshand

Management Unit is to restore a continuous band the North Bay would involve natural late-winter

of tidal marsh along the bayshore from Tolay and spring flow events that support ecological

Creek the Petaluma tidal marsh processes and functions essential to the health ofto River; restore
important Bay-Delta fish populations. Inflow toalong the Petaluma River; establish managed
the Bay is impaired in dry and normal water yearsmarsh or enhanced seasonal pond habitat on

agricultural baylands not restored to tidal habitat; by storage and diversion of natural inflow to basin

protect moist grasslands, and provide natural watersheds. The need for inflow to the Bay
coincides with the need for natural flows in thetransitional habitat between marshes and upland
mainstem rivers, their tributaries, and the Delta.areas.

NATURAL       FLOODPLAIN       AND       FLOODPetaluma Marsh and its associated tidal slough      PROCESSES: Expansion of the North Bay

floodplain by setting back or removing leveesnetworkwillbeexpanded.Outsideof Petaluma
Marsh, marsh habitat areas are sparse and low would enhance floodwater andsediment retention
quality, because dikes and levees have disrupted and provide direct and indirect benefits to fish and
the natural tidal flow and sediment supply wildlife that depend on natural floodplain
essential for maintaining tidal emergent wetland inundation. Such floodplain expansion should also
habitat, help to alleviate the flooding potential in other

areas of the Bay-Delta.
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BAY-DELTA AQUATIC FOODWEB: The SALINE EMERGENT WETLANDS (TIDAL):
aquatic foodweb of the Delta, which supportsTidal saline emergent wetland habitat in the Bay
important resident and anadromous fish, has beenhas been drastically reduced as a result of land
severely impaired by drought, reductions inreclamation. Such habitat is essential to estuary
freshwater flow, water diversions, introductions offunctions and the health of many fish, waterfowl,
non-native species (e.g., Asiatic clams), and lossand wildlife species. Wetlands also enhance water
of shallow water and wetland habitats. Proposedquality in the Bay by filtering out sediments and
improvements in spring flows, channel hydraulics,contaminants.
wetland habitats, and floodplain inundation should
lead to a healthier and more productive aquaticSEASONAL WETLANDS: Seasonal wetlands in
foodweb. Improved water quality and greater Suisun Marsh provide valuable wetland habitat for
sediment retention in wetland, riparian, andwaterfowl and shorebirds, as well as other
floodplain habitats will also increase foodwebwildlife.
productivity.

VERNAL POOLS: Vernal pools provide habitat

VISIONS FOR HABITATS for many listed plant and invertebrate species.
Vernal pool protection and restoration will be

TIDAL PERENNIAL AQUATIC HABITAT: closely linked to other actions related to restoring
Aquatic habitat within and associated with tidalwetland, riparian, and adjacent upland habitats.
wetland habitat is important to fish populations
that use the Bay. The area of such habitat has beenRIPARIAN Ad~ID SHADED RIVERINE AQUATIC
substantially reduced over the past century by landHABITAT: Riparian and shaded riverine aquatic

reclamation. Large areas of tidal habitat have been(SRA) habitats have been greatly reduced as a

diked and reclaimed for agriculture, saltresult of development along streams in areas

production, industry, nontidal wetlands (e.g., duckabove the lower marshes, sloughs, and Bay

clubs), and other uses. Restoring large areas ofshorelines. Such habitat has value to many

presently leveed land to tidal influence mayspecial-status plant and animal species. In

increase important fish species production byaddition, SRA habitat is important for juvenile

providing more spawning, feeding, and migratingchinook salmon and many other resident and

habitat and increasing foodweb productionanadromous fish using the Bay.

throughout the Bay.
ESSENTIAL FISH HABITAT: The Suisun

NONTIDAL PERENNIAL AQUATIC HABITAT: Marsh/North San Francisco Bay Ecological
habitats in managed wetlands, such asManagement Zone has been identified as EssentialOpenwater

"ponds, provide valuable waterfowl and wildlifeFish Habitat (EFH) based on the definition of
habitats. Such habitat should be included inwaters currently or historically accessible to

restoration efforts involving nontidal salinesalmon (National Marine Fisheries Service 1998).
emergent wetlands. Key features of EFH to maintain or restore in this

ecological management zone include substrate
TIDAL SLOUGHS: Sloughs are an important composition; water quality; water quantity, depth
native habitat for fish and wildlife. Many sloughand velocity; channel gradient and stability; food;

complexes in the wetlands along the North Baycover and habitat complexity; space; access and
have disappeared as a result of land reclamationpassage; and flood plain and habitat connectivity.
and levee construction. Restoring tidal wetland-
slough complexes will provide valuable habitat forPERENNIAL GRASSLANDS: Grasslands
fish, including chinook salmon, striped bass, deltaassociated with wetland margins are important
smelt, and longfin smelt, habitats for some special-status plant and wildlife

Volume I1: Ecosystem Restoration Program Plan
Suisun Marsh/North San Francisco Bay Ecological Management Zone Vision

~ n~G~                                                                                           June 1999
127

C--01 9557
C-019557



species. Wetlands should be restored along withspawning populations. Although the presence of
the associated aquatic and upland habitats, these fish in the Bay could be considered natural,

the stocking of millions of hatchery smolts into
VISIONS FOR REDUCING OR small areas of the North Bay within a short period

ELIMINATING STRESSORS
may affect the survival and production of
important Bay species, such as longfin smelt.

~/A’r~:R DIVEaSION: Water diversions in North CONTA~I~TS: Toxic contaminants continue
Bay watersheds, in Suisun Marsh, and upstream into enter the Bay in large amounts as a result of
the Delta and rivers affect freshwater flow in themunicipal, industrial, and agricultural discharges.
Bay and remove fish and their foodweb organismsThese toxins have had a demonstrated adverse
from the Bay. Unscreened diversions will beeffect on the health, survival, and reproduction of
screened and poorly functioning screens will bemany important Bay fish species and their
improved to reduce fish loss. Where possible,foodweb organisms. Toxins in fish tissues also
diversions will be consolidated to reduce thepose a health risk to people who eat fish from the
number of diversions requiring screening. MostBay. Continuing to reduce levels of toxic
diversions in the Bay are confined to Suisuncontaminants from discharges and releases of
Marsh and Suisun Bay. toxins from sediment (i.e., disturbed by natural

forces and dredging) is an essential step in the|NVASIVE SPECIES: Over the past several
restoration program. The level of toxins in the Bay

decades, the inadvertent introduction of manyis also closely tied to inputs upstream in the Delta
marine and estuarine organisms from the Far Eastand rivers; therefore, efforts to improve water
in the ballast water of ships has greatly changedquality should be coordinated throughout the
the plankton and benthic invertebrate fauna of thebasin.
Bay, with further consequences throughout the
foodweb. Further changes can be expected ifHARVEST OF FISH/~ID WILDBFE: Legal and
ballast water releases into the Bay are notillegal fish harvest may limit recovery of some
restricted. Therefore, more stringent ballastwaterpopulations in the Bay-Delta system and its
release restrictions are needed to reduce the influxwatersheds. Striped bass, salmon, steelhead, and
of exotic species. Other invasive species .such assturgeon harvest in the Bay may affect the
exotic cordgrass (Spartina spp) are becomingrecovery of these populations.
established and control measures are needed to
reduce future potential adverse affects. DISTURB/M~ICE: Human activity, particularly

boat wakes in sloughs and channels in tidal
NON-NATIVI~ WILDUFI~." Reducing the wetland areas, disturbs nesting waterfowl and
numbers of non-native species and therefore theerodes habitat. Disturbance to the endangered
effects these species have on native wildlife willCalifornia clapper rail which also may occur
require a coordinated approach that includesincludes boating and hunting. Restricting boat
restoring ecosystem processes and functions
where applicable and possible, restoring native

speeds and access by motorized boats in special

habitats, reducing or eliminating other stressors
areas will reduce these stresses.

that suppress native species, and efforts to control
non-native species. VISIONS FOR SPECIES

PREDATION AND COMPE’rlTION: Millions of DELTA SMELT: The vision for delta smelt is to
chinook salmon and striped bass have beenrecover this State-and federally listed threatened
stocked in North Bay waters to improve the species in order to contribute to the overall species
survival of these species and their contributions torichness and diversity of the Bay-Delta. Recovery
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of the delta smelt population in the Bay-Delta willimproved winter-spring flows and wetland
occur through improved freshwater inflow andhabitats.
Delta outflow patterns, greater foodweb
productivity, increased areas and quality ofSTEELHEAD TROUT: The vision for Central
aquatic habitats, and reduced effects of waterValley steelhead trout is to recover this species
diversions. Higher delta smelt production shouldlisted as threatened under the ESA and achieve
be apparent in dry and normal water year types innaturally spawning populations of sufficient size
response to improved flows, habitats, andto support inland recreational fishing and the use
foodweb, and reductions in stressors, fully existing and restored habitats. Steelhead will

benefit from improved stream flows and riparian
LONGFIN SMELT: The vision for longfin smelt and shaded riverine aquatic habitat in the upper
is to recover this California species of specialstream reaches. The vision is that restoration of
concern in the Bay-Delta estuary so that itecological processes and habitats, along with a
resumes its historical levels of abundance and itsreduction of stressors, will contribute to stable and
role as an important prey species in the Bay-Deltalarger steelhead populations.
aquatic foodweb. Achieving consistently high
production oflongfin smelt in normal and wetterSTRIP~:D B,o, SS: The vision for striped bass is to
years, which historically produced more abundantmaintain healthy populations, consistent with
juvenile populations (year classes), will be criticalrestoring native species, to their 1960s level of
to the recovery of longfin smelt, abundance to support a sport fisher in the Bay,

Delta, and tributary rivers. The striped bass
SPLIT’rmL: The vision for splittail is to recover population will benefit from increased freshwater
of this federally listed threatened species,inflow to the Bay-Delta in late winter and spring,
Recovery of the Bay-Delta splittail population willan improved aquatic foodweb, and reduced effects
occur through improved floodplain inundation,of water diversions. Improvements in water
higher late-winter Delta inflow, and improvedquality and reducing summer losses to diversions
tidal aquatic and wetland habitats. Greatermay be important in the long-term recovery of
production of young would be expected in dry andstriped bass. Given the high reproductive capacity
normal water year types, of striped bass, improvements in young

production rates should be readily apparent when
CHINOOK SALMON: The vision for Central improvements are made to flow and foodweb, and
Valley chinook salmon is to recover all stockswhen stressors are reduced.
presently listed or proposed for listing under the
State or federal ESAs, achieve naturally spawningGREEN STURGEON: The vision for green
population levels that support and maintain oceansturgeon is to recover this California species of
commercial and ocean and inland recreationalspecial concern and restore population distribution
fisheries, and that use fully existing and restoredand abundance to historical levels. Sturgeon
habitats. Central Valley salmon populations willpopulations should remain stable or increase with
remain stable or increase with improved late-improved streamflows and aquatic foodwebs.
winter and spring flows into and through the
Delta, increases in wetland and floodplainWHITE STURGEON: The vision for white
habitats, lower spring water temperatures, ansturgeon is to maintain and restore population
improved aquatic foodweb, and reduced effects ofdistribution and abundance to historical levels.
water diversions. Survival rates through the Bay-Sturgeon populations should remain stable or
Delta should increase. Numbers of young salmonincrease with improved streamflows and aquatic
rearing in the Bay-Delta should increase withfoodwebs.

¯
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I AMERICAN SHAD: The vision for American Improving Delta inflow and outflow in spring of
shad is to maintain a naturally spawningdrier years will be an essential element of any

I population, consistent with restoring nativeplan. Other elements include reducing losses to
species, that supports a sport fishery similar to theexports from the system and reducing the amount
fishery that existed in the 1960s and 1970s.of toxic substances entering the system. Probably

I Central Valley American shad populations willthe best way to improve the aquatic foodweb is to
benefit from improved spring freshwater inflow torestore tidal marshes and the connectivity to tidal
the Bay-Delta and an improved Bay-Delta aquaticflows in addition to the restoration of freshwater

I foodweb. Populations would be expected toflows since and important part of the food web
remain stable or increase. Increases would bewas probably driven by detritus originating from
expected in dry and normal rainfall years, nearby marshes. A key to achieving this vision is

I expanded support of basic research to define and
NATIVE RESIDENT FISH SPECIES: The vision better understand the important links between the
for native resident fish species is to maintain andaquatic foodweb and adjacent terrestrial or

I restore the distribution and abundance of nativetransitional wetland foodweb.
species to contribute to overall species richness
and diversity. Many native and non-native fishGR~SS SHRIMP: The vision for grass shrimp is

I species will benefit from improved aquaticto maintain self-sustaining populations in order to
habitats and foodweb. Population abundance ratessupport recreational and commercial fisheries.
remain stable or increase. The distribution of

I native resident fishes should increase withSPECIAL STATUS PLANT SPECIES: The vision
widespread habitat restoration. The locally extinctfor special status plant species is to contribute to
Sacramento perch could be restored to newtheir recovery by protecting and preserving

i habitats in Suisun Marsh. important habitats sites within the Bay-Delta.

PACIFIC HERRING: The vision for Pacific CALIFORNIA FRESHWATER SHRIMP: The
herring is to maintain self-sustaining populationsvision for California freshwater shrimp is toI in order to support fishing, existing populationcommercial With maintain distributionand
improved freshwater inflow to the North Bay andabundance of the this federally listed endangered
Suisun Marsh and more tidal emergent wetlandspecies.

I and associated tidal perennial aquatic habitat,
marine and estuarine fish and invertebrateGIANT ~ER SI~dKE-" The vision for giant
population abundance and distribution wouldgarter snake is to contribute to the recovery of this

I increase. Pacific herring survival and productionState and federally listed threatened species.
in the North Bay should increase with anRestoring aquatic, riparian, and wetland habitats
improved aquatic foodweb, in the Bay-Delta will aid giant garter snake and

I western pond turtle recovery.
BAY-DELTA FOODWEB ORGANISMS: The

vision for the Bay-Delta aquatic foodweb WESTERN POND TURTLE: The vision for

I organisms is to restore the Bay-Delta estuary’swestern pond turtle is to maintain and restore their
once-productive food base of aquatic algae,abundance and distribution in order to contribute
organic matter, microbes, and zooplanktonto overall species richness and diversity. Restoring

I communities. Restoring the Bay-Delta foodwebaquatic, riparian, and wetland habitats in the Bay-
organisms would require enhancing planktonDelta will aid giant garter snake and western pond
growth and reducing loss of plankton to waterturtle recovery.

I exports, particularly in drier years. Several
options exist for enhancing plankton growth.
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SWAINSON’S HAWK: The vision for habitat in San Pablo and Suisun bays and adjacent
Swainson’s hawk it to contribute to the recoverymarshes. New and improved salt marsh habitat in
of this State and federally listed threatenedthe North Bay and adjoining marshes will help in
species. Improvements in riparian and agriculturalsalt marsh harvest mouse recovery.
wildlife habitats will aid in the Swainson’s hawk
recovery. Increased sightings and possiblySAN PABLO CALIFORNIA VOLE: The vision
increased nesting would be expected in the Bay-for the San Pablo California vole is to contribute
Delta. to the recovery of the species of special concern to

contribute to overall species richness and
CALIFORNIA CLAPPER RAIL: The vision for diversity.
California clapper rail is to contribute to the
recovery of this State and federally listedSUISUN ORNATE SHREW: The vision for the
threatened species. Restoring emergent wetlandsSuisun ornate shrew is to recover this California
in the North Bay and adjoining marshes should aidspecies of special concern to contribute to overall
California clapper rail recovery. Populationspecies richness and diversity.
abundance and distribution should increase in the
North Bay and adjoining marshes. SHOREBIRDS AND WADING BIRDS: The

vision for the shorebird and wading bird guilds is
CALIFORNIA BLACK P~a~L: The vision for to maintain and restore healthy populations
California black rail is to contribute to thethrough habitat protection and restoration, and
recovery of this State-listed threatened species,reduction is stressors. Shorebirds and wading
Restoring emergent wetlands in the North Bay andbirds will benefit from wetland, riparian, aquatic,
adjoining marshes should aid in California blackand agricultural habitats restoration. Seasonal use
rail recovery. Population abundance andof the North Bay and adjoining marshes by these
distribution should increase in the North Bay andbirds should increase.
adjoining marshes.

~/ATERFOWL: The vision for waterfowl is to
SOISON SONG SPARROW: The vision for the maintain and restore healthy populations at levels
Suisun song sparrow is to recover this species ofthat can support consumptive (e.g., hunting) and
special concern in Suisun Marsh and the westernnonconsumptive (e.g., birdwatching) uses
Delta. The Suisun song sparrow abundance andconsistent with the goals and objectives of the
distribution in the Suisun Marsh should increaseCentral Valley Habitat Joint Venture and North
with new tidal wetlands and improved riparianAmerican Waterfowl Management Plan. Many
habitat in the marshes, resident and migratory waterfowl species will

benefit from improved aquatic, wetland, riparian,
ALAMEDA SONG SPARROW." The vision for and agricultural habitats. Increase use of the North
the Alameda song sparrow is to maintain andBay and adjoining marshes and, possibly,
restore the habitat of this species of specialincreases in some populations would be expected.
concern. The Alameda song sparrow abundance
and distribution should increase with new tidalDELTA GREEN GROUND BEETLE: The vision
wetlands and improved riparian habitat in thefor the Delta green ground beetle, is to contribute
marshes, to the recovery of this federally listed threatened

species by increasing their populations and
SALT MARSH HARVEST MOUSE: The vision abundance through habitat restoration.
for the salt marsh harvest mouse is to contribute to
the recovery of this State and federally listed
endangered species through restoring salt marsh
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INTEGRATION WITH program which had developed recommendations
regarding where and how much of the various

OTHER RESTORATION types of wetland should be restored in the Suisun
PROGRAMS Bay and San Francisco Bay areas. Many of the

goals that have been presented are consistent or

Changing freshwater inflow patterns to the Bay,enhance the ERPP prescriptions to improve the

the major ecosystem process in the plan for theecological health of processes, habitats, and

Delta, is a longstanding need; however, withoutspecies in this ecological management zone.

developed supplies, the prescribed spring flow
events and minimum freshwater inflows may not SAN FRANCISCO ESTUARY
be available in all water-year types. In the short PROJECT
term, efforts will focus on providing the needed
flows with available water supplies from theThe San Francisco Estuary Project has four goals
Central Valley Project (CVP) facilities at Shasta,to restore the physical, chemical, and biological
Folsom, and New Melones Reservoirs using waterintegrity of the San Francisco Bay-Delta Estuary:
prescribed by the Central Valley Project
Improvement Act (CVPIA) and water purchased ¯ protect existing wetlands,
from willing sellers. The effectiveness of the
water releases would be maximized through thē restore and enhance the ecological
use of tools such as water transfers. Property productivity and habitat values of wetlands,
acquisitions with water rights from willing sellers
are also a tool for acquiring water. In the lonḡ expedite a significant increase in the quantity
term, additional water supplies may be needed to and quality of wetlands, and

¯ educate the public about the values of wetland
meetremainingenvironmentalneeds.

Much of the infrastructure to implement the vision resources.
for the marsh and bay already exists. Restoration
will be implemented through these existing CENTRAL VALLEY PROJECT
programs. In areas where no cooperative agency IMPROVEMENT ACT
and stakeholder efforts are underway, such
organizations can be developed to help implementRestoring and maintaining ecological processes
the program. To be successful, the restorationand functions in the Suisun Marsh and North Bay
program must help to coordinate existingEcological Management Zone will augment other
restoration programs being undertaken by Stateimportant ongoing and future restoration efforts
and federal resource agencies, for the zone. With the CVPIA program, the

Anadromous Fish Restoration Program (AFRP) of
The recommendations in this plan will coincidethe U.S. Fish and Wildlife Service (USFWS 1997)
with numerous programs and projects to protecthas a goal to double the natural anadromous fish
and restore the Bay-Delta estuary. These programsproduction in the system over the average
are described below, production during 1967 through 1991. CVPIA

authorized dedicating and managing 800,000 afof
SAN FRANCISCO BAY AREA CVP yield annually to implement the fish,

WETLANDS ECOSYSTEM GOALS wildlife, and habitat restoration purposes and

PROJECT measures that include water purchased for inflow
to and out-flow from the Delta. The CVPIA AFRP

The San Francisco Bay Area Wetlands Ecosystem provisions restoringincludes for habitatand
Goals Project is a comprehensive, science-based
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reducing stressors, such as unscreened water SUISUN MARSH MANAGEMENT
diversions. AND PROTECTION PLANS

RECOVERY PLAN FOR The Suisun Marsh Management Plan was
SACRAMENTO-SAN JOAQUIN mandated by the Suisun Marsh Preservation Act

DELTA NATIVE FISHES of 1977. Its goal is to maximize waterfowl food
production while maintaining a diverse marsh

The scope of the plan includes San Francisco Bay flora capable of supporting the present wide
and the Delta. The intent is to promote variety of wildlife in the marsh. The plans were
conservation of the ecosystems on which the developed to mitigate (avoid, reduce, or
native fishes, such as chinook salmon, delta smelt, compensate for) the effects on the marsh of the
longfin smelt, splittail, and Sacramento perch, federal Central Valley Project and State Water
depend. The plan outlines a strategy for Project. Though the plan’s focus is to manage
restoration, including actions, The goals, strategies diked wetlands, plan elements are consistent with
for recovery, and programmatic actions presented ERPP objectives and targets. A primary
in the plan have been adopted by the ERPP. The management area, consisting of 58,000 acres of
plan includes targets for populations, habitat tidal and managed wetlands, and secondary
restoration, structural changes, and Delta outflow management areas of 28,000 acres of grasslands,
to the Bay that have been included in the ERPP. have been identified for management and
Important recovery actions in this plan include protection. Restoring tidal wetlands and sloughs in
placing the 2 parts per thousand isohaline (X2 Suisun Marsh will be consistent with Suisun
SWRCB standard) at Roe Island, Chipps Island, Marsh Management Plan goals.
or at the confluence of the Sacramento-San
Joaquin rivers at Collinsville. Suitable placement INTERAGENCY ECOLOGICAL
of the 2 parts per thousand isohaline is key to PROGRAM SUISUN ECOLOGICAL
providing adequate shallow water habitat for delta WORKGROUP
smelt, longfin smelt, and splittail.

The Suisun Ecological Workgroup (SEW) was
RECOVERY PLAN FOR SALT MARSH convened at the request of the State Water

HARVEST MOUSE ,aND Resources Control Board as a component of the
CALIFORNIA CLAPPER RAIL "Program of Implementation" in the 1995 Water

Quality Control Plan for the San Francisco
The recovery plan for the salt marsh harvest Bay/Sacramento-San Joaquin Delta Estuary.
mouse and clapper rail focuses on protecting SEW is and ad hoe multi-agency/organization
existing marshes, creating new marsh habitat with work group whose goal is to review the scientific
unrestricted tidal sloughs, pickleweed habitat for basis for the current salinity standards in Suisun
mice, and suitable nesting habitat for the rail. This Marsh and make recommendations for
recovery plan, prepared and approved in 1984, is comprehensive brackish marsh standards. The
being revised by the USFWS. The goals and primary goals of the SEW are: (1) characterize the
objectives that are being developed in the revised brackish water ecosystem for Suisun Marsh, (2)
recovery plan may lead to corresponding evaluate the effects of existing Western Suisun
adjustments in ERPP targets and programmatic Marsh water quality standards on beneficial uses,
actions. (3) determine and recommend appropriate

resource-specific standards, (4) recommend
narrative standards for tidal wetlands, (5) assess
impacts of implementing appropriate resources-
specific standards on other resources, (6) develop
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I appropriate multi-resource (ecosystem) waterrestoration in the North Bay stream watersheds.
quality standards, (7) consider alternative models,Programs include protecting remnant stream

I and (8) recommend future studies and compliancehabitats and restoring shaded riverine aquatic
monitoring programs, habitats. Objectives include restoring and creating

habitats, including tidal saltmarsh and adjacent

I CENTRAL VALLEY HABITAT JOINT upland habitats. A plan is being developed for
VENTURE managing the San Francisco Bay National

Wildlife Refuge. Many SFEP and CCMP

I The Central Valley Habitat Joint Venture is aobjectives and targets are included in the ERPP.
component of the USFWS’s North American
Waterfowl Management Plan, with funding and AGREEMENT ON SAN JOAOUIN

i cooperative project participation by federal, State, RIVER PROTECTION
and private agencies. New funding sources
including CALFED restoration funds, are beingIn an effort to resolve issues brought forth in the
sought to implement the Joint Venture. The JointState Water Resources Control Board’s 1995
Venture has adopted an implementation plan thatWater Quality Control Plan for the Bay/Delta, the
includes Suisun Marsh. Objectives includeSan Joaquin River Tributaries Association, San

I protecting wetlands by acquiring fee-title orJoaquin River Exchange Contractors Water
conservation easements and enhancing waterfowlAuthority, Friant Water Users Authority, and the
habitat in wetlands and agricultural lands. JointSan Francisco Public Utilities Commission
Venture objectives and targets have been adoptedcollaborated to identify feasible, voluntary actions
by the ERPP. to protect the San Joaquin River’s fish resources.

In spring 1996, these parties agreed on a "Letter

i RECOVERY PLAN FOR THE of Intent to Resolve San Joaquin River Issues."
SACRAMENTO RIVER WINTER-RUN This agreement, when finalized, has the potential

CHINOOK SALMON of providing the following:

I The winter-run recovery plan is being prepared̄ higher minimum base flows,
and will be implemented by the Nation Marine

I Fisheries Service (NMFS). The draft plan includes̄ significantly increased pulse flows,

recommendations for improving riparian and tidal
marsh habitats in the Bay and Delta. ERPP̄ installation and operation of a new fish barrier
objectives and targets are consistent with those of on the mainstem San Joaquin River,

I           the recovery plan.
¯ set up a new biological monitoring program,

SAN FRANCISCO ESTUARY and
I PROJECT COMPREHENSIVE ¯ set aside federal restoration funds to cover

CONSERVATION AND costs associated with these measures.I MANAGEMENT PLAN
One of the important components of the

The San Francisco Estuary project’s (SFEP’s)Agreement is the development of the Vernalis

’ i
purpose is to promote effective management ofAdaptive Management Program (VAMP) to
the Bay-Delta estuary and restore and maintain theimprove environmental conditions on the San
estuary’s water quality and natural resources.Joaquin River. Elements of this potential adaptive
There are eleven programs within the managementmanagement program include a range of flow and
plan, including wetland management and habitatnon-flow habitat improvement actions throughout
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the watershed, and an experimental programTuolumne, and Merced rivers. Aquatic, riparian,
designed to collect data needed to developand wetland corridors in the Delta are also directly
scientifically sound fishery management optionslinked and integral to habitat corridors in Suisun
for the future, and San Pablo Bays.

CALFED BAY-DELTA PROGRAM RESTORATION TARGETS

CALFED has funded seven ecosystem restoration AN D PROGRAM MATIC
projects in the Suisun Marsh/North San Francisco ACTIONS
Bay Ecological Management Zone. Two projects
screen diversions for managed wetlands on the

ECOLOGICAL PROCESSESSuisun Marsh and three restore habitat. A project
by the Central Costa County Sanitary District
discourages pesticide use by encouraging CENTRAL VALLEY STREAMFLOW
homeowners to use integrated pest management {FRESHWATER INFLOW)
techniques.

TARGET 1-" More closely emulate the natural
seasonal freshwater inflow pattern to North San

LINKAGE TO OTHER Francisco Bay to:
ECOLOGICAL

MANAGEMENT ZONES
¯ transport sediments,

¯ allow upstream and downstream fish passage,
Restoration efforts in all Ecological Management
Zones upstream of the Suisun Marsh and North¯ contribute to riparian vegetation succession,
San Francisco Bay will contribute to the health
and recovery of this zone. Likewise, efforts in this¯ permit transport of larval fish to the
zone will contribute to the health of the Delta and entrapment zone,
salmon and steelhead population recovery in the
Sacramento and San Joaquin River basins.             ¯maintain the low salinity zone in Suisun Bay,

Successfully realizing the vision for this
and

Ecological Management Zone depends, in part, on̄ provide adequate attraction flows for
achieving targets in the Sacramento-San Joaquin upstream, through-Bay migrating salmon.
Delta, Sacramento River, Eastside Delta
Tributaries, and San Joaquin River EcologicalDelta outflow in dry and normal years will be
Management Zones. These include targetsimproved by coordinating releases and natural
associated with restoring streamflow processes,flows in the Sacramento River Basin to provide a
reducing contaminants, and improving andMarch flow event of at least 20,000 cfs for 10
increasing riparian and wetland habitats. Effortsdays in dry years, at least 30,000 cfs for 10 days in
toward achieving targets in these zones shouldbelow-normal years, and at least 40,000 cfs for 10
interact to restore important rearing habitat, reducedays in above-normal years. The existing smaller,
the introduction ofcontaminants, and control thelate-April and early-May flow event will be
introduction of non-native aquatic species. Forimproved with additional water releases from San
example, essential for meeting the Bay freshwaterJoaquin River and Delta tributaries to provide
inflow prescriptions are efforts to meet theflows of magnitudes and durations similarto those
individual flow prescriptions for the Sacramento,prescribed for March
Feather, Yuba, American, Mokelumne, Stanislaus,
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PROGRAMMATIC ACTION 1A: Develop a NATURAL FLOODPLAIN AND
cooperative program to provide target flows in dry FLOOD PROCESSES
and normal years by allowing inflows to major
storage reservoirs, prescribed in the visions of TARGET 1-" Expand the floodplain area in the
upstream Ecological Management Zones, to pass Napa River, Sonoma Creek, and Petaluma River
downstream into and through the Delta. (This Ecological Management Units by putting
action would result from an accumulation of approximately 10% of leveed lands intothe active
recommendations for spring flow events and floodplain(.4~.).
minimum flows from upstream Ecological
Management Zones.) PROGI~dVII~a~TIC A~-rI’ION 1 A: Convert leveed

lands to tidal wetland/slough complexes.
RATIONALE: Restoring freshwater flows into
Suisun Marsh/North San Francisco Bay RATIONALE: Restoring approximately 10% of
Ecological Management Zone consistent with existing leveed lands to tidal action and floodflows
natural hydrologic conditions in the Bay-Delta will greatly enhance the floodwater and sediment
watershed will help restore fundamental retention capacity of the area and contribute
ecosystem processes and functions for the North nutrients for the aquatic foodweb.
Bay’s aquatic and wetland resources. Increasing
spring freshwater inflows will benefit the Bay and BAY-DELTA AQUATIC FOODWEB
help move outmigratingjuvenile chinook salmon
and steelhead through the Bay toward the ocean. TARGET 1 : Increase primary and secondary
Spring plankton blooms in the North Bay, nutrient productivity in the Suisun Marsh/North
stimulated by freshwater outflow, support the San Francisco Bay to levels historically observed
North Bay’s functions as a primary nursery in the 1960s and early 1970s (..).
ground for many important fish and crusta-
cean species. These include chinook salmon, PROG~ad~TIC ACTION 1A: Actions
striped bass, delta smelt, splittail, Pacific herring, described to restore streamflow, floodplains, tidal
starry flounder, Dungeness wetlands and sloughs, and riparian habitat wouldnorthern anchovy,
crab, several species of Bay shrimp, and many increase primary and secondary productivity in the
species of planktonic and benthic invertebrates Suisun and North San Francisco Bay areas.
that make the Bay’s foodweb. Springup
freshwater flows also stimulate tidal emergent PaOGRAMMATle ACTION 1 B: Implement an
marsh productivity by providing necessary expanded aquatic foodweb research program to
nutrients and sediments. Freshwater inflows of better understand of andthe linkage adjacent
20,000 to 40,000 cfs in dry and normal years, transitional wetland habitats and the aquatic
compared to the existing 10,000 to 30,000 cfs, foodweb.
would ensure that the low salinity zone of the
estuary andX2 would be locatedwell downstream RATIONALE: Increasing the area of tidal
in Suisun Bay, especially in dry years, and allow wetland/slough habitat will increase primary and
some fresh water to reach San Pablo Bay through secondary productivity. More flooding of
tidal circulationandmixing. (Note: the location floodplains will provide more nutrients and
of X2 is the distance from the Golden Gate Bridge organic carbon inputs.
to the point at which the daily average salinity is
2 parts per thousand (ppt) at the bottom.)
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HABITATS RATIONALE: Restoring, improving, and I
protecting high-quality, shallow-water habitat will

GENERAL RATIONALE provide foraging habitat for juvenile fish in this
I¯ Ecological Management Zone. These areas

Restoring tidally influenced wetlands are an typically provide high primary and secondary

essential focus of restoration efforts in the Suisun productivity and support nutrient-cycling
I

Marsh/North San Francisco Bay Ecological functions that can sustain high-quality foraging

Management Zone. Habitats of particular interest conditions. Opening new areas to tidal flows will

include tidal perennial aquatic habitat, saline also help restore a more natural tidal action to the
Iemergent wetlands, and tidal slough habitat. Bay-Delta. These tide-influenced areas also

Restoration of these habitats will require a mosaic provide high-quality foraging habitat for

of habitats including adjacent habitats that need waterfowl that use mudflat or submergent
Ito be comprised of seasonal wetlands, non-tidal vegetation growing in shallow water and diving

perennial aquatichabitats, perennial grasslands, ducks, such as canvasback and scaup, that

and riparian habitats. Restoration targets were set consume clams in these areas (Fris and DeHaven
Iwith the realization of the difficulty in locating 1993, Brittain et al. 1993, Stuber 1984, Schlosser

lands for restoration. In the Suisun Marsh, for 1991, Sweetnam and Stevens 1993, San Francisco

example, the restoration of tidally influenced Estuary Project 1992a, U.S. Fish and Wildlife
Ihabitats wilt likely require the conversion of Service 1996, and Lindberg and Marzuola1993).

existing managed wetlands. The conversion of
these existing freshwater wetlands will be offset to Restoration of shallow water habitat in the San

Ithe extent possible by restoring existing degraded Pablo Bay Ecological Management Unit may not
be possible as the unit is characterized by openwetland habitats and by improvement to existing

unmanaged wetlands. Likewise, in the San Pablo bay and intertidal flats. No lands may be available

IBay Ecological Management Unit, restoration of for restoration.

habitat will be constrained by the fact that the
area is characterized by open bay and intertidal Development of shallow water habitats in the

!flats with very limited opportunities for restoration North Bay will require large-scale tidal

of other shallow water habitat types, restoration to expand and maintain third through
fifth order slough channels. Larger sloughs

ITIDAL PERENNIAL AQUATIC provided the shallow water habitat which existed
under historic conditions in the North Bay.

HABITAT Acquiring and restoring diked subsided lands will
create shallow water habitats in the short-term. ITARGET 1 : Restore 1,500 acres of shallow-water Sedimentation will occur over the long-term and

habitat in the Suisun Marsh/North San Francisco
Bay Ecological Management Zone (,I~).

the area will develop into a saline emergent

!
marsh. This objective is probably only achievable
in the Napa River, Sonoma Creek, and Petaluma

PROGRAMMATIC ACTION 1A: Develop a River EcologicalManagement Units.
cooperative program to acquire and restore 1,500

Iacres of shallow-water habitat in the Suisun Bay
NONTIDAL PERENNIAL AQUATICand Marsh Ecological Management Unit.

HABITAT

PROGRAMMATIC ACTION 1B: Develop a
cooperative program to evaluate the feasibility of TARGET 1 : Develop 1,600 acres of deeper (3-6

restoring shallow-water habitat in the San Pablo feet deep) open-water areas to provide resting

Bay Ecological Management Unit. habitat for water birds, foraging habitat for diving
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I ducks and other water birds that feed in deepFIATIONAI.E; Restoring, improving, and
water (,I~). protecting slough habitat in the units of the Suisun

I Marsh/North San Francisco Bay Ecological
PROGRAMMATIC ACTION 1A-" Develop a Management Zone will help sustain high-quality
cooperative program to acquire and develop 400shallow-water habitat that provides spawning

I acres of deeper open-water areas adjacent tohabitat for native fish and foraging habitat for
restored saline emergent wetland habitats in therearing juvenile fish. Restoring sloughs, along
Suisun Bay and Ecological Management Unit. with tidally influenced freshwater areas and saline

I emergent marsh, willprovide spawning habitat for
PROGRAMMATIC ACTION "IB: Develop a native fish and foraging habitat for rearing
cooperative program to acquire and develop 400juvenile fish; contribute to high levels ofprimary

I acres of deeper open-water areas adjacent toand secondaryproductivity; and supportnutrient-
restored saline emergent wetland habitats in eachcycling functions that can sustain high-quality
the Napa River, Sonoma Creek and Petalumaforaging conditions. These sloughs can also

I River Ecological Management Units (1,200 acresprovide resting sites for waterfowl and habitat for
total), the western pond turtle (Simenstad et al. 1992,

Lindberg and Marzuola 1993, and Madrone

I RATIONAI~." Restoring suitable resting areas for Associates 1980). Tidal sloughs can also provide
waterfowl and other wetland-dependent wildlife important loafing sites for waterfowl, particularly
species will increase the overwinter survival rate diving ducks in the North Bay. The miles of

i of these populations. Other water-associated targeted sloughs represent a reasonable
wildlife species will also benefit (Madrone restoration level as indicated by maps available
Associates 1980). from the early 1900s and existing configurations

in the Ecological Management Units.
I TIDAL SLOUGHS

In general, tidal slough restoration should be
TAaGE’r 1 : Restore slough habitat for fish andassociated by tidal marsh restoration. SloughsI associated wildlife species. Restore 5 miles ofare a function of the they traverse.marshes The
slough habitat in the near-term, and 10 miles inacreage of marsh and soils, sediments,
the long-term, in the Suisun Bay and Marshhydrodynamics will limit the amount of tidal

I Unit. Restore 10 miles of marsh that can be restored. These sloughs canEcologicalManagement
slough habitat in the near-term, and 20 miles inalso provide loafing sites for waterfowl,
the long-term, in the Napa River Ecologicalparticularly diving ducks in the North Bay.

I Units. Restore 10 miles ofManagement slough
habitat in the near-term, and 20 miles in the long- SALINE EMERGENT WETLANDS
term, in the Sonoma Creek Ecological

I Management Units. Restore 10 miles of sloughTARGET 1 : Restore tidal action to 5,000 to 7,000
habitat in the near-term, and 20 miles in the long-acres in the Suisun Bay and Marsh Ecological
term, in the Petaluma River EcologicalManagement Unit; 1,000 to 2,000 acres in the

I Management Units (~). Napa River Ecological Management Unit; 500 to
1,000 acres each in the Sonoma Creek, Petaluma

PROGRAMMATIC ACTION 1A: In association River, and San Pablo Bay Ecological Management

I with wetland/marsh restoration efforts, constructUnits (~).
sloughs in marsh/slough complexes by acquiring
land and purchasing easements. PROGRAMMATIC ACTION 1A: Develop a

I cooperative program to acquire, in fee-title or
through a conservation easement, the land needed

I
~ ~
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for tidal restoration, and complete the neededpattern and associated benefits to the foodweb and
steps to restore the wetlands to tidal action, water quality of the Bay and Delta. Habitat

conditions for wetland-associated wildlife will be
TARG~" 2: Protect 6,200 acres of existing saline improved.
emergent wetlands in the Suisun Bay and Marsh
Ecological Management Zone. The targets for saline emergent wetlands will

probably be achieved or even exceeded by several
PROGRAMMATIC ACTION 2A: Develop a ongoing programs. These include activities to
cooperative program to acquire, in fee-title or restore saline emergent wetlands which are
through a conservation easement, existingcontained within land acquisition programs by the
wetlands subject to tidal action. U.S. Fish and WtTdlife Service and Department of

Fishand Game.
TARGET 3." Restore full tidal action to muted
marsh areas along the north shore of the Contra SEASONAL WETLANDS
Costa shoreline.

TARG~:T "1 : Assist in protecting and enhancing
PROGR~MIVI/kTIC ACTION 3A: Develop a 40,000 to 50,000 acres of existing degraded
cooperative program to evaluate, acquire, in fee-seasonal wetland habitat in the Suisun Bay and
title or through a conservation easement, andMarsh Ecological Management Unit per the
restore existing muted wetlands to full tidal action,objectives of the Central Valley Habitat Joint

Venture and the North American Waterfowl
~ rlON~.~: Restoring tidally influenced saline Management Plan. (.~).
marsh in this Ecological Management Zone will
contribute to increasing levels of primary and PROGR/M~I~IATIC ACTION 1A." Support the
secondary productivity and support nutrient- cooperative program to improve management of
cycling functions that can sustain high-quality up to 26,000 acres of degraded seasonal wetland
foraging conditions (Lindberg and Marzuola habitat in the of the Suisun Bay and Marsh
1993, Miller 1993, Simenstad et al. 1992). Ecological Management Unit.
Increasing the area occupied by saline tidal
marsh in each Ecological Management Unit will PROGRAMMATIC ACTION 1 B: Support the
help support theproper aquatic habitat conditions development of a cooperative program to improve
for rearing and outmigrating juvenile chinook management of up to 32,000 acres of existing
salmon, steelhead, and sturgeon and rearing delta seasonal wetland habitat in the Suisun Bay and
smelt, striped bass, and splittail. Restoring high- Marsh Ecological Management Unit.
quality saline marshes, both tidal and nontidal,
will contribute to nutrient cycling, maintaining the TARGET 2: Acquire and convert 1,000 to 1,5000
foodweb, and supporting enhanced levels of acres of existing farmed baylands in the Suisun
primary and secondary production. Increasing the Marsh to seasonal wetlands.
area occupied by nontidal saline marsh will
contribute to subsidence control and island PROGPd~.MIVI/kTIC ACTION 2a~.: Develop a
accretion (growth) efforts. Permanent saline cooperative program to acquire, in fee-title or
marsh can help arrest and, in some cases, reverse through a conservation easement, existing farmed
subsidence where peat oxidation has lowered land baylands and restore tidal action.
elevations to more than 15feet below sea level.
Increasing the area occupied by saline marsh will RATIONALE: Restoring wetland and riparian
contribute to an ecosystem that can accommodate habitats in association with aquatic habitats is an
sea-level rise and provide a more natural tidal essential restoration strategy element for this
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I Ecological Management Zone. This restoration is Programmatic Action 1A "enhance 26, 000 acres
fundamental to supporting the foodweb and of degraded seasonal wetland habitat" is already

I enhancing conditions for rearing chinook salmon, being implemented by Ducks Unlimitedas part of
steelhead, sturgeon, juvenile delta smelt, striped a grant through the North American Wetlands
bass, and splittail. Foodweb support functions for Conservation fund. The intent of the ERPP is to

I wildlife will also benefit (Cummins 1974, Brostoff remove the levees of some managed wetlands to
and Clark 1992). allow the restoration of tidally influenced habitats

and expand the acreages of wet meadows or

I Seasonal wetlands can help reduce concentrations pastures. The greatest need to restore where
and loads of pesticide residues in water and possible, tidal wetland areas. This may result in
sediments, which help to reduce sublethal and a need to replace any losses of managed wetlands

I long-term impacts of specific contaminants for by creating additional wetland areas. However,
which it is di~cult to conclusively document there may not be area for any additional acres of
population-level impacts. Modifying agricultural managed wetlands as the majority of agricultural

I practices and land uses on a large scale will lands have already been converted to managed
reduce the concentrations of pesticide residues wetlands. For example, the following figures
through a combined approach. This approach provided by the Suisun Resource Conservation

I involves reducing the amount ofpesticide applied District display the possible difficulty in creating
and the amount reaching aquatic Suisun Marsh additional managed wetlands.
and San Francisco Bay habitats. This will be done

I by biological and chemicalprocesses in wetland Existing Land ~]se Existing Acreage
systems that break down harmful pesticide managed wetlands 52,000acres
residues. Improved inchannel flows in this unmanagedtidalwetlands 6,300acres

I Ecological Management Unit resulting from bays andsloughs 30,000 acres
seasonal reductions in water use and enhanced uplands and grasslands 27, 700 acres
environmental water supplies will also help to
reduce contaminant concentrations (San VERNAL POOL
Francisco Estuary Project 1992a).

TARG~:T 1 : Protect and manage vemal pools in
Restoring high-quality freshwater marsh and the Suisun Bay and Marsh EcologicalI brackish marsh, both seasonal and Unit that suitable habitat forpermanent, Management provide
will increase the production and availability of listed fairy shrimp species, the Delta green ground
natural forage for waterfowland other wildlife. It beetle, and special-status plant species to assist inI will increase the overwinter survival rates of these species’ (,).recovery
wildlife populations in this Ecological
Management Zone and improve their body PROGP,~aJVIMATIC ACTION 1A-" Develop a

I condition before they migrate. As a result, cooperative to acquire and 100program manage
breeding success will be improved. Managing acres of vernal pools and 500 to 1,000 acres of
these habitats will also reduce the amount and adjacent buffer areas

I concentrations of contaminants that could, upon
entering the sloughs, interfere with efforts to TAR~==’r :2: Restore vernal pools that have been
restore aquatic ecosystem health, degraded by agricultural activities to provide

I suitable habitat for special-status invertebrates and
Target 1 "enhance 40,000 to 50, 000 acres of plants and amphibian, such as the spadefoot toad,
degraded seasonal wetland habitat" is consistent to assist in the recovery of these populations (~,).

I with the Central Valley Habitat Joint Venture and
the North American Waterfowl Management Plan.

I
~ ~
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PROGRAMMATIC ACTION 2A: Develop a Management Units in areas that may be tidally
cooperative program to restore the quality of influenced but which have low salinity.
vernal pools and their adjacent habitats.

ESSENTIAL FISH HABITAT
RATIONALE: Restoring wetland, riparian, and
adjacent upland habitats in association with TARGET I : Maintain and improve existing
aquatic habitats is an essential restoration freshwater fish habitat and essential fish habitat
strategy element for the Suisun Marsh/North San through the integration of actions described for
Francisco Bay Ecological Management Zone. ecological processes, habitats, and stressor
Restoring this habitat mosaic on a large scale will reduction or elimination.
help restore ecosystem processes and functions
and provide additional protection to listed species PROGRAMMATIC ACTIONS: No additional
associated with this habitat type. programmatic actions are recommended.

RIPARIAN AND SHADED RATIONALE: Freshwater fish habitat and
RIVERINE AQUATIC HABITATS essential fish habitat are evaluated in terms of

their quality and quantity. Actions described for
TARGET 1: Restore 10 to 15 linear miles of Delta ecological processes, stressor reduction,
riparian habitat along riparian scrub and shrub and riparian and riverine aquatic habitat should

¯ vegetation corridors in each Ecological suffice to maintain and restore freshwater fish
Management Unit. In this restored habitat, 60% habitats. For example, maintaining freshwater
should be more than 15 yards wide, and 25% and essentialfish habitats is governed by actions
should be no less than 5 yards wide and 1 mile to maintain streamflow, improve coarse sediment
long (,I~.~). supplies, maintain stream meander, maintain or

restore connectivity of rivers and streams and
PROGRAMMATIC ACTION R A: Coordinate their floodplains, and in maintaining and
with landowners and managers to restore and restoring riparian and riverine aquatic habitats.
maintain 10 to 15 linear miles of riparian habitat
along corridors of riparian scrub and shrub PERENNIAL GRASSLANDS
vegetation in each Ecological Management Unit.
Of this, 60% should be more than 15 yards wide, TARGET 1 ." Restore 1,000 acres of perennial
and 25% should be no less than 5 yards wide and grasses in each Ecological Management Unit
1 mile long. associated with existing or proposed wetlands

RATIONALE: Many wildlife species, including
severalspecies listedas threatened or endangered PROG~t~,MMA’nC ACTION 1A: Develop a
underthe Stateand federal Endangered Species cooperative program to restore perennial
Acts (ESAs) and several special-status plant grasslands by acquiring conservation easements or
species in the Central Valley, depend on or are purchasing land from willing sellers.
closely associated with riparian habitats. Riparian
scrub and shrub will help provide needed escape RA rlONAl.E: Restoring wetland, riparian, and
cover for these species during high-flowperiods, adjacent upland habitats in association with
Riparian vegetation in the western portion of the aquatic habitats is an essential restoration
Suisun Marsh/North San Francisco Bay strategy element for this Ecological Management
Ecological Management Zone is limited by water Zone. Eliminating fragmentation and restoring
salinity. Riparian restoration will most likely connectivity will enhance habitat conditions for
occur in the upper reaches of the Ecological special-status species, such as the Suisun song
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I           Table 5: Summary of ERPP Habitat Restoration Targets and Programmatic Actions for the Suisun

Marsh/North San Francisco Bay Ecological Management Zone.

I Habitat Type Suisun Napa Sonoma Petaluma San Pablo Total
Bay and River Creek River Bay

I Marsh

Tidal Perennial 1,500 0 0 0 Feasibility 1,500 acres

i Aquatic study

Nontidal Perennial 400 400 400 400 0 1,600 acres
Aquatic (deep, open

I water)

Tidal Sloughs (short- 5 miles 10 miles 10 miles 10 miles 0 35 miles
term)

I Tidal Sloughs (long- Additional 5 Additional I0 Additional 10 Additional 10 0 35 miles
term) miles miles miles miles

I Saline Emergent 5,000-7,000 1,000-2,000 500-1,000 500-1,000 500-1,000 7,500 -12,000
Wetland (restore) acres

Saline Emergent to be TBD TBD TBD TBD 6,200 acres
Wetland (protect) determined

(TBD)

Seasonal 40,000- 0 0 0 0 40,000-
Wetland 50,000 50,000 acres
(Protect existing)

Seasonal 1,000-1,500 0 0 0 0 1,000-I,500

I Wetland acres
(Restore)

Vernal Pools 100 0 0 0 0 100 acres

I Vernal Pool Buffer 500-1,000 0 0 0 0 500-1,000
Area acres

I Riparian and 10-15 miles 10-15 miles 10-15 miles 10-15 miles 10-15 miles 50-75 miles
Riverine Aquatic

Perennial Grassland 1,000 1,000 1,000 ¯ 1,000 1,000 5,000 acres

i Total acres of all habitats to be restored include tidal perennial, nontidal perennial saline emergent wetland,17,200-
seasonal wetland, vernal pool and vernal pool buffer, and perennial grassland. 22,700 acres

Total acres of existing habitats to be protected and enhanced 46,200-
56,200 acres

Total miles of tidal sloughs to be restored 70 miles

I Total miles of riparian and riverine aquatic habitat to be restored 50-75 miles
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sparrow, California black rail, and salt marsh I NVASIVE AQUATIC PLANTS
harvest mouse. For instance, the habitats for these
species have been degraded by the loss of TARGET 1 : Manage existing and restored dead-
adjacent, suitable escape cover that is needed by end and open-end sloughs and channels within the
the salt marsh harvest mouse during periods of Ecological Management Zone so that less than 1%
highflows or high tides. Fragmentation has also of the surface area of these sloughs and channels
interfered with daily and seasonal migratory is covered by invasive non-native aquatic plants
movements and genetic interchange within the (,,). .
population (Novick and Hein 1982).

PROGRAMMATIC ACTION 1A: Conduct large-
REDUCING OR ELIMINATING scale, annual weed eradication programs

throughout existing and restored dead-end andSTRESSORS
open-end sloughs and channels in each Ecological
Management Unit so that less than 1% of the

WATER DIVERSIONS surface area of these sloughs and channels is

T~GET 1 : Reduce entrainment losses of
covered by invasive non-native aquatic plants
within 10 years.

juvenile fish at diversions by 25 to 50% by
installing positive-barrier fish screens on large~TIONA1.E: lnvasive aquatic plants have
diversion structures(,~’~), altered ecosystem processes, functions, and

habitats by modifying the foodweb and competing
PFIOGI~MMATIC ACTION 1 A: Develop a for nutrients, light, and space. Nesting birds are
cooperative program to consolidate, screen, orparticularly vulnerable to increased predation
eliminate diversions in the Suisun Marsh/Northfrom non-native ground-dwelling predators and
San Francisco Bay Ecological Management Zone.competition from non-native nest parasites.

Actions taken in the Suisun Marsh/North San
I~TION~t.E: Large diversions on the main Francisco Bay Ecological Management Zone to
channels of Suisun and San Pablo Bays and address this objective are prescribedprimarily to
adjoining marsh/slough complexes entrain enhance foodweb functions and improve habitat
juvenile and small adult fish at rates that could be conditions for resident, estuarine, and
detrimental to the survival of species of special anadromous fish and neotropical migratory birds.
concern (Chadwick and Von Geldern 1964, 1974; This can be accomplished, in part, by reducing the
Larkin 1979; and Erkkila et al. 1950). The area inhabited by invasive non-native plants and
reduction target reflects preliminary data by restoring large areas of optimal nesting habitat
indicating that entrainment through the smallest (Dudley and D ’Antonio 1994, Anderson 1990,
diversions on small channels might not pose a Zedler 1992, and Bay-Delta Oversight Council
significant threat to the successful restoration of 1994).
Bay-Delta health. The success of screening in the
estuarine zone is difficult and dependent on

|NVASIVE AQUATIC ORGANISMScritical protective operations and facilities. For
example, bypass flows or bypass systems are

TARGET 1 : Reduce or eliminate the influx of
needed to move target species away from the zone non-native aquatic species in ship ballast water
of influence and into areas safe from entrainment.

(~).

Pao~t:~’~ua~e Ae’nON 1A: Fund additional
staffto enforce existing regulations.inspection

|
Volume I/: Ecosystem Restoration Program Plan ¯

Suisun Marsh/North San Francisco Bay Ecological Management Zone Vision
June 1999

143
I

C--01 9573
C-019573



PROGRAMMATIC ACTION 1B: Help fund PROGRAMMATIC ACTION 1B: Develop a
research on ballast water treatment techniques that.cooperative program to eliminate invasive woody
could eliminate non-native species before ballastplants from restoration sites to protect native
water is released, riparian vegetation.

TARGET 2: Reduce the potential for influx of PROGRAMMATIC ACTION 1 C: Develop a
non-native aquatic plant and animal species atcooperative program to develop control measures
border crossings (~’). for perennial pepperweed.

PROGRAMMATIC ACTION 2A: Provide RATIONALE: Invasive non-native plants have
funding to the California Department of Food andaltered ecosystem processes, functions, and
Agriculture to expand or establish, as appropriate,habitats by modifying thefoodweb and competing
a comprehensive program to exclude, detect, andfor nutrients, light, and space (’Dudley and
manage invasive aquatic species, such as zebraD ’Antonio 1994, Madrone Associates 1980, Bay-
mussel. Delta Oversight Council 1994, Cross and Fleming

1989, and Zedler 1992).
RATION, ad.E: Every reasonable effort should be
made to reduce the introduction of non-native NON-NATIVE WILDLIFE
organisms in the ballast water of ships that enter
the Delta. Such organisms have greatly alteredthe TARGET 1 : Reduce red fox and feral cat
zooplankton of the Delta over the past several populations in and adjacent to habitat areas
decades. Further alteration could reduce the suitable for California clapper rail, California
capacity of the Delta to support native fishes, black rail, and salt marsh harvest mouse.

Every reasonable effort should be made to reduce PROGR/~M~TIC ACTION 1 A-" Develop a
the introduction of non-native organisms at cooperative program to evaluate means to reduce
border crossings into California. Border red fox and feral cat populations through trapping,
inspections have already found zebra mussels, relocation, fertility control, or other suitable
which, if allowed to enter Bay-Delta waters, could measures.
have devastating economic and ecological effects.

PROGRAMMATIC ACTION 1 B: Develop and

INVASlVE RIPARI/M~I ,aND MARSH implement a public education program that
PLANTS emphasizes the ecological value of maintain

coyote populations.
TARGET 1 -" Reduce by 50% the area covered by

’ invasive non-native woody species, such as giantRArto~6a_t.E,- The large-scale restoration of
reed and that with native wetlands, riparian habitat, and adjacenteucalyptus, compete emergent
riparian vegetation, and eradicate invasive woodyperennial grasslands will be the main focus of a
plants from restoration areas (~,~). strategy to reduce the adverse impacts of non-

native wildlife on the health of the Bay-Delta
PROGRAMMATIC ACTION 1A: Develop a ecosystem. The goal is a restored Bay-Delta and
cooperative program to remove and suppresswatershed where the quality, quantity, and
invasive non-native plants that with structure of the restored habitat discouragecompete
native riparian vegetation by reducing the areacolonization by non-native wildlife, provide a
occupied by these species (such as giant reed andcompetitive advantage to native wildlife, and
eucalyptus) by 50%. reduce the vulnerability of native species from

predation by species such as the red fox and feral
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|
cat. A public education program to inform duck striped bass and chinook salmon stocking in the ¯
club owners of the ecological importance of native Bay to areas and periods that will not increase
coyotes in the Suisun region may help prevent the predation on special-status species, such as ¯
potentially devastating spread of red fox further longfin smelt and delta smelt, and other native ¯
into the Suisun Marsh and Delta region. Coyotes fishes.
are native to the region and tend to keep foxes ¯
from increasing theirrange. ~rlONAl_£: Actions taken in this Ecological ¯

Management Zone are prescribed to protect
One of the most serious environmental problems populations of aquatic species, such as longfin ¯

facing California is the explosive invasion of non- smelt and delta smelt, from excessive predation ¯
native pest plants and animals. Non-native plants, rates caused by large concentrations of stocked

¯ wildlife, fish, and aquatic invertebrates can hatchery-rearedfish. Limitedstudies have shown ¯
greatly alter the ecosystem processes, functions, that two-year-old striped bass have less of an I

= habitats, species diversity, and abundance of impact on anadromous and estuarine fish than
native plants, fish, and wildlife, one-year-old striped bass.

1
¯

Many of these invasive species spread rapidly and CONTAMINANTS
form dense populations primarily by out- ¯
competing native species as a result of large-scale TAnGET 1 : Reduce the input of herbicides, 1
habitat changes that tend to favor non-native pesticides, fumigants, and other agents toxic to
species and a lack of natural controls (e.g., fish and wildlife in the Suisun Marsh/North San ¯
natural predators). These non-native species Francisco Bay Ecological Management Zone (~). 1
usually have a competitive advantage because of
their location in hospitable environments where PROGRAMMATIC ACTION 1 A: Support ¯
the normal controls of disease and natural programs already in place to regulate the 1enemies are missing. As populations of non- discharge of pollutants or reduce pollutant toxicity
native species grow, they can disrupt the in Baywaters.
ecosystem and population dynamics of native 1
species. In some cases, habitat changes have R~ITIONAZE: Reducing the concentrations and
eliminatedconnectivity ofhabitats that harbor the loads of contaminants, including hydrocarbons,
native predators that could help to limit heavy metals, and other pollutants, in the water 1
populations of harmful non-native species, and sediments of the Suisun Marsh/North San

Francisco Bay Ecological Management Zone will
PREDATION AND COMPETITION help reduce sublethal and long-term impacts of 1

specific contaminants for which it is di~cult to
T,a~tG~" 1 : Limit striped bass supplementation to conclusively document population-level impacts.
life stages that minimize predation on juvenile Reducing loading in urban runoff and modifying 1
anadromous and estuarine fish (~,~). agricultural practices and land uses on a ¯

large scale will reduce pesticide residue
PROGRAMI~a,TIC ACTION 1A: Provide concentrations through a combined approach. 1
sufficient equipment, support staff, and operation This approach involves reducing the amount of
and maintenance funds to hold juvenile striped pesticide applied and the amount reaching the
bass longer so they can be planted at 2 years of Bay’s aquatic habitats. This will be done by 1
age instead of 1 year. biological and chemical processes in wetland

systems that break down harmful pesticide
PROGP,~,MMATIC ACTION 1 a: Cooperatively residues. (Bay Delta Oversight Council 1994, Hall
develop an ecologically based approach to limit 1991, U.S. Fish and Wildlife Service 1996, San

~ c~-m
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i
Francisco Estuary Project 1992b, Resources primarily to contribute to the recovery of aquatic
Agency 1976, Sparks 1992, Diamond et el. 1993, species, such as winter-, spring-, and late-fall-run

I and Rost et al. 1989). chinook salmon; green sturgeon," splittail; and
steelhead. These actions will also contribute to the

Improved inchannel flows in the Delta resulting recovery of species, such as Swainson’s hawk,

I from seasonal reductions in water use and greater sandhill crane, yellow-billed cuckoo,
enhanced environmental water supplies will also riparian brush rabbit, black rail, and giant garter
help to reduce concentrations (San Francisco snake (U.S. Fish and Wildlife Service 1996, San

I Estuary Project 1992a). Health warnings have Francisco Estuary Project 1992b, Bay-Delta
been issued regarding human consumption offish Oversight Council 1993, and California
and wildlife because of elevated levels of Department ofFish and Game 1991).

I substances, such as mercury and selenium. Large-
scale aquatic and wetland habitats restoration DISTURBANCE
may help to resolve concerns about hydrocarbons,

I heavy metals, and other pollutants. Addressing TARGET 1 : Reduce boat wakes near California
point sources of concern, such as the oil refineries clapper and black rail nesting areas in Suisun
in Suisun and San Francisco Bays, and elevated Marsh and San Francisco Bay from March to June

I releases of selenium resulting from refining oil to prevent destruction of nests and assist in the
from sources high in selenium, can be effective recovery of this listed species (,I~).
elements of a strategy to achieve the desired

i reductions. PROGRAMMATIC ACTION 1A: Develop a
cooperative program with local agencies to

HARVEST OF FISH AND WILDLIFE establish and enforce zones prohibiting boat

i wakes within 50 yards of California black rail
TARGET 1 : Reduce illegal anadromous fish and nesting areas in Suisun Marsh and San Francisco
waterfowl harvest in Suisun Marsh and San Bay from March to June.
Francisco Bay by increasing enforcement and

i public education (~.). PROGRAMMATIC ACTION 1a: Develop a
cooperative program with local agencies to

PROGI~dVIM~TIC ACTION 1A: Provide establish and enforce zones prohibiting motorizedI additional Califomia of      boats in miles of dead-end channels in Suisunfundingto Department 5
Fish and Game (DFG)for additional enforcement. Marsh and San Francisco Bay from March to

June.I PROGRAMMATIC ACTION 1B: Provide
additional funding to county sheriff’s departments PROGr~a~TIC ACTION lC: Develop a
and State and local park agencies to support cooperative program with local agencies to

I additional enforcement efforts, establish and enforce zones prohibiting motorized
boats in new, small channels in restored tidal fresh

PROGRAMMATIC ACTION 1C: Provide emergent wetlands.

I rewards for the arrest and conviction of poachers.
R~rlOt~.£: Clapper rail are particularly

PROGRAMMATIC ACTION 1 D: Develop and sensitive to disturbance and efforts to reduce jet

I implement a public outreach/education program ski traffic in critical areas for the rail would
regarding the illegal harvest, contribute to their recovery. Other actions taken

to restore ecological processes and functions,

I t~TtOtgnd.E:Actions taken to reduce stressors in increase and improve habitats, and reduce
this Ecological Management Zone are prescribed stressors in this Ecological Management Zone are

I
~ c.~zm)

Volume I1: Ecosystem Restoration Program Plan
~Y.D~TA Suisun Marsh/North San Francisco Bay Ecological Management Zone Vision

~ p~zR~M June 1999

i 146

C--019576
C-019576



prescribed primarily to contribute to the recovery Chadwick, H. K, and C. E. Von Geldern. 1964.
of aquatic species, such as winter-, spring-, and The desirability of introducing white bass,
late-fall-run chinook salmon," green sturgeon; Roccus    chrysops,    into    California.
splittail; and steelhead. These actions will also (Administrative Report 64-11.) Inland
contribute to the recovery of species, such as the Fisheries Branch.
black rail (Madrone Associates 1980, Schlosser
1991, San Francisco Estuary Project 1992a, U.S. .1974. Entrainment and
Fish and Wildlife Service 1978, Schlorff1991, and thermal effects on mysid shrimp and striped
Resources Agency 1976). bass in the Sacramento-San Joaquin Delta. In

L. D. Jensen (ed.), Proceedings of Second
REFERENCES USED TO DEVELOP Entrainment and Intake Screening Workshop.

THE VISION FOR THE SUISUN Cooling Water Research Project, John

MARSH/NORTH SAN FRANCISCO Hopkins University. Baltimore, MD.

BAY ECOLOGICAL MANAGEMENT
ZONE Cummins, K. W. 1974. Structure and function of

stream ecosystems. BioScience 24(11): 631-

Anderson, L. W. J. 1990. Aquatic weed problems 641.

and management in North America. Pages
371-405 in H. Pieterse and K. J. Murphy Diamond, J. M., W. Bower, et al. 1993. Use of

man-made impoundment in mitigating acid(eds.). Oxford University Press. New York,
NY. mine drainage in the North Branch Potomac

River. Environmental Management 17(2):

Bay-Delta Oversight Council. 1993. Draft briefing 225-23 8.

papers on biological resources of the San
Francisco Bay/Sacramento-San Joaquin DeltaDudley, T. L., and C. M. D’Antonio. 1994. Exotic

Estuary. species and sustainable ecosystem
management. Page 307 in W. W. Covington

¯1994. Draft briefing and L. F. DeBano (technical coordinators),
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SACRAMENTO RIVER ECOLOGICAL
MANAGEMENT ZONE

Ecological factors having the greatest influence on
the anadromous fish in the Sacramento River
include streamflow, coarse sediment supply
(including gravel for fish spawning and
invertebrate production), stream channel dynamics
(meander), and riparian and riverine aquatic
habitat. Stressors, including dams, legal and illegal
harvest, high water temperature during salmon
spawning and egg incubation, toxins from mine
drainage, hatchery stocking of anadromous fish,
and unscreened or poorly screened irrigation
diversions, have affected the health of
anadromous fish populations.

Sacramento River channel south of Ord Ferry Bridge in 1896,
1908, and 1991 (Sacramento River Advisory Council, 1998). DESCRIPTION OF THE

INTRODUCTION MANAGEMENT ZONE

The Sacramento River flows more than 300 miles
The health of the Sacramento-San Joaquin Delta

from Lake Shasta to Collinsville in the Delta,is dependent on the rivers and streams thatwhere it joins the San Joaquin River. It is a major
compose its watershed. They provide inflow, river of the western United States and the largest
sediments, nutrients, spawning and rearing areasand most important riverine ecosystem in the State
for many aquatic species, and riparian corridors

of" California.The river corridor encompassesthat support neotropical bird and other terrestrial more than 250,000 acres of natural, agricultural,
wildlife, such as western yellow-billed cuckoo and       and urban lands upstream of Sacramento. Various

cropland habitats occur on fiat and gently rollingbank swallow,and invertebratespecies.Many
estuarine fish species and their foodweb dependterrain adjacent to most of this zone. Irrigated
on the input from the Sacramento River. Thecrops are mostly rice, grains, alfalfa, and orchard
Sacramento River is the largest element of thecrops. Most of this cropland is irrigated with water
Delta’s watershed, providing about 80% of the diverted from the Sacramento River or its
inflow to the Delta. tributaries. Four National Wildlife Refuges

The Sacramento River is also an essential
(Sacramento, Delevan, Colusa and Sutter)are
located either adjacent to or within 5 miles of the

spawning, rearing, and migratory pathway forSacramento River.
many anadromous fish populations, such as
winter-run, fall-run, late-fall-run, and spring-ran The Sacramento River Ecological Management
chinook salmon, steelhead, white sturgeon, green

Zone includes 242 miles of the mainstem
sturgeon, lamprey, striped bass, and American
shad. All of these populations must pass through

Sacramento River from Keswick Dam near
Redding to the American River at Sacramento.

the Delta and Bay during portions of their life(The remaining 60 miles of the lower river
cycle as they migrate to the ocean as juveniles and       downstream of Sacramento included in the

are
remm as adults to spawn. North Delta Ecological Management Unit.) The
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mainstem river planning area includes the river Listing Status of Sacramento River Species
channel, gravel bars and vegetated terraces, the ...
100-year river floodplain, and the geologically Species Status of Listing
defined band of historic and potential river ESA: endangered
migration (i.e., the meander belt). In theWinter-run chinook

CESA: endangered
artificially narrow, leveed reach downstream of
Colusa and extending to Sacramento, an Spring-run chinook

ESA: proposed endangered

approximately 1-mile-wide band of river alluvium CESA: threatened

and historic and potential forest land that borders Late-fall chinook ESA: proposed threatened
the levees is also included in this Ecological
Management Zone. Fall-run chinook ESA: proposed threatened

Steelhead ESA: threatened
This Ecological Management Zone encompasses

Green sturgeon       Species of Special Concernfive Ecological Management Units:
Splittail               ESA: threatened

¯ Keswick to Red Bluff Diversion Dam,
Bank swallow CESA: threatened¯ Red BluffDiversion Dam to Chico Landing,

¯ Chico Landing to Colusa, Western yellow-billed CESA: endangered
¯ Colusa to Verona, and cuckoo
¯ Verona to Sacramento. Valley elderberry ESA: threatenedlonghorn beetle
The National Marine Fisheries Service (NMFS)
has determined that critical habitat for the
endangered Sacramento winter-run chinookterrestrial species. The riparian vegetation is a
salmon includes the entire Sacramento River fromsignificant contributor to the food web and large
Keswick Dam, river mile (RM) 302 to the Golden riparian forestseffectively moderate air
Gate Bridge (NMFS 1993). The NMFS has also temperatures.
proposedthat all Central Valley stream reaches
that are accessible to steelhead be designated asSacramento River flow is controlled during much
critical habitat, except for the San Joaquin Riverof the year by water releases at Keswick and
and tributaries upstream of the Merced RiverShasta dams. Tributaries, including many with no
confluence, major storage dam, provide a significant quantity

of flow accretion, particularly through winter and
Other fish dependent on the Sacramento Riverspring months. Prior to the construction of Shasta
Ecological Management Zone include spring-runDam, the river flows near Redding had a typical
chinook salmon, late-fall-run chinook salmon,winter and spring high-flow period and a summer
fall-run chinook salmon, steelhead, lamprey, greenlow-flow period. Dry-year flows typically reached
sturgeon, white sturgeon, American shad, stripeda peak near a monthly average of 10,000 cubic
bass, American shad and a resident native fishfeet per second (cfs) in March. In more normal
community, including the Sacramento splittail,years, peak flows reached approximately 20,000
Due to declining populations sizes, many of thesecfs in March. Low summer flows averaged less
are species of special concern or listed underthan 5,000 cfs in dry and normal years.
provisions of the state of federal endangered
species acts. One of the important attributes of theSince completion of Shasta and Trinity dams,
zone is its riparian forest, which supports a varietystreamflows in the Sacramento River have
of neotropical migrant bird species, the valleychanged markedly. Late-winter and spring flows
elderberry longhorn beetle, and many otherin dry and normal years are stored in reservoirs

~ O¢.F~
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i
and released during the late-spring through fallNatural sediments include fine suspended material
irrigation season. In addition to flows released forthat causes elevated turbidity to coarser materials

I irrigation in recent years, flows in excess ofthat include gravel and cobbles. Bedload
10,000 cfs have been augmented to assist insediments also contribute to ecological health by
controlling temperature for survival of winter-,absorbing energy of water and dampen the

I spring, and fall-run chinook salmon spawning, eggintensity of flood effects. Gravel recruitment is
incubation, and early rearing in the upper river, limited by dams blocking downstream gravel

transport, bank protection, and gravel mining on

I tributaries. Deficiency in spawning gravels
reduces the productive capacity of the river. This

Historical Monthly Average Flow is especially true in the 15- to 20-mile river reach

I below Keswick Dam. Spawning gravel may be
adequate to suppori present salmon and steelhead
populations. As fish populations increase, gravel

I replenishment will be necessary. Natural gravel
recruitment from tributary streams, particularly
from Cottonwood Creek, needs to be protected to

I 0~ ensure that the gravel deficit does not increase.z
Spawning gravel needs protection from
degradation caused by excessive silt entering the

i J F u A M J a A s o N D river from the tributaries. Watershed protection
[] Norma~Vear [] D~ Your and comprehensive watershed management plans

are needed in all the tributaries to reduce erosion

i Historical StreamflowbelowKeswickDam, 1972-1992 of silts and sands that impair the quality of
(Dry year is the 20th percentile year; normal year is the 50th

percentile or median year.) spawning gravels.

I Several water development and flood control
projects have dramatically altered the river’s Unimpaired Monthly Average Flow

natural flow regime, sedimenttransport
i capabilities, and riparian and habitats.riverine 25000

These projects include the Central Valley Project
(CVP), which consists of Shasta, Keswick, andI dams and Red BluffDiversion DamWhiskeytown
(RBDD). They also include the Sacramento River        ~ 10000
Flood Control Project, which extends 180 miles           ~ooo

I south from Chico Landing and consists of a series
of levees, weirs, and overflow areas, and the

o

Chico Landing to Red BluffComprehensive Bank
Stabilization Project, which is designed to control
lateral river channel migration. This project isUnimpaired Streamflows below Keswick Dam, 1972-1992 (Dry
about 54% complete but has not been worked on year is the 20th percentile year; normal is the 50th percentile or

I since 1984. The State Water Project (SWP), median year.)
.consisting of Oroville Dam and the associated
diversion works, has altered the flow regimeThe Sacramento River and its tributaries above

I below the confluence with the Feather River. Shasta Dam have a cold temperature regime
suitable for year round salmon spawning.
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Although the salmon cannot access this reach ofHistorically, the riparian forest corridor along the
the ecosystem, the cold water can be managedriver averaged 4 to 5 miles wide and encompassed
using the reservoir and dam to replace thea significantly large area. Today only 5% of the
inaccessible upper portions of the watershed,forests remain. One-third of the river length has
Water temperature in the river is influenced bynatural banks and floodplain terraces; the other
water releases from Shasta and Keswick dams intwo-thirds have been modified and confined by
drought and consecutive dry or critically drylevees, riprap, and flood control projects. These
years. Low flows, combined with warmwater structures limit the dynamic forces that promote
releases, cause the loss of many adult salmon andnatural habitat succession and regeneration along
eggs spawned in the river, the river. Channelization and bank protection

between Red Bluff and the Delta eliminate and
Sacramento River temperature control and powerdegrade many habitats by increasing the depth and
generation requires the installation of a multilevelvelocity of flow and reducing the hydraulic and
outlet structure on Shasta Dam and a minimumsubstrate diversity associated with more natural or
fall carryover storage in the reservoir of about 2undeveloped river systems. Bank protection also
million acre-feet (MAF). Water temperature in the reduces the amount of fresh gravel and shaded
Sacramento River near Knights Landing can beriverine aquatic habitat normally available to the
improved by redirecting the Colusa Basin drainriver through bank erosion.
and other agriculture return water to a receiving
water other than the Sacramento River or byBetween Colusa and Red Bluff, natural riparian
reuse, vegetation associated with the existing stream

meander corridor plays a part in the natural
The Colusa Basin drain originates north offloodplain process. In turn, the diversity of
Willows in Glenn County. The drain capturesstreamside vegetation and its overall condition are
waters from the two major diverters located on the dependent on these same dynamic river processes.
west side of the Sacramento River, the Tehama-Riparian vegetation effectively creates a buffer to
Colusa and Glenn-Colusa Irrigation districts indecrease local flood flow velocities. This
Glenn, Colus~r, and Yolo counties. Much of the increases deposits of suspended materials derived
water conveyed through the drain is recapturedfrom eroding banks. This erosion-deposition
and reused before being discharged into theprocess builds the midterrace and eventually the
Sacramento River at Knights Landing near RMhigh-terrace lands that support climax forest and
90. The combined volume of the water deliveredagriculture. Overbank flooding is essential for the
by the two districts can exceed 5,000 cfs duringcontinued health of the riparian system. As silt and
thepeak of the irrigation season, seeds are deposited during these overbank water

flow events, the native vegetation is rejuvenated.
Water temperature is also affected by overhanging
vegetation, which shades and moderates heat gainThe fragmentation of the remaining riparian
by the water. This shaded riverine aquatic (SRA)habitat greatly diminishes its ability to support
habitat has been significantly altered by bankviable wildlife populations. This remaining habitat
protection and flood control projects, is being further degraded by human activity and
Reestablishing this edge vegetation wouldadverse land uses. The combined loss,
significantly improve SRA habitat, woody debris,fragmentation, and deterioration of riparian habitat
and other riparian habitat along the Sacramentohas caused, or is leading to, the extinction or
River, which, in turn, should improve productionelimination of several wildlife species. The drastic
and survival of salmon and steelhead, decline of the Swainson’s hawk, once one of

California’s most abundant raptors, is in part a
result of the loss of riparian nesting areas. In 1987,
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I
surveys documented such a low number ofImprovements in theriparianand stream meander
yellow-billed cuckoos, that the species appeared to corridors along the Sacramento River are needed

I be in danger of immediate extirpation. Theto improve spawning and early rearing habitat of
elimination of the bank swallow appears likely ifsplittail. Late-winter and early-spring streamflow
bank protection work continues and if mitigationimprovements are needed to provide attraction
measures are unsucqessful. Various other animalflows for spawning adults and increased spawning
species and some plant speci6s, including the Rosehabitat. Increasing flows in early spring also
mallow, have population viability problems as aassists in successful migration of juvenile chinook

I result of adverse human impacts on ripariansalmon and steelhead.
habitat.

Improved peak flows in late winter and early

i Reestablishing a viable riparian ecosystem alongspring are needed to benefit sturgeon spawning.
the upper Sacramento River region will increaseImproved stream meander corridors should also
the acreage and variety of riparian habitats andbenefit sturgeon.

I reverse the decline in wildlife, fishery, and human
use values. The U.S. Fish and Wildlife ServiceAll four races of chinook salmon require
(USFWS), the Wildlife Conservation Board improved streamflows, gravel recruitment, water

I (WCB), the National Audubon Society, The temperatures, riparian and riverine aquatic habitat,
Nature Conservancy (TNC), and other private and stream meander corridors, and reduction in
conservation groups are actively seeking tothe adverse effects ofstressors, such as high water

I acquire conservation easements or fee ownershiptemperatures, unscreened diversions, contami-
of high-priority riparian lands along thenants, and harvest.
Sacramento River as a means to permanently save

i these lands. Steelhead require improved streamflows and
gravel recruitment in the upper river and improved

More than 100 miles of the Sacramento Riverwater temperature and riverine habitat in the

I between Red Bluff and Colusa are wholly orupper, middle, and lower reaches of the river.
partially intact as a dynamic alluvial river meanderRestoring and maintaining natural flow patterns
belt. Although about 20% of its banks are armored will benefit chinook salmon, but steelhead will
by riprap that protects levees and orchards, thebenefit only if the natural flows also provideI to naturally suitably water to support year rearingrivercontinues erodeits banks and cold round
form new banks from gravel and sedimentof juvenile fish. Because of the placement of
deposits on point bars and terraces. These fluvialimpassable dams on all major tributaries,

I geomorphic features Support a time-dependent 82% to 95% of historical Centralapproximately
succession of young- and old-growth forest andValley steelhead habitat is now inaccessible
wildlife habitat that requires 65 to 100 years to(Yoshiyama et al. 1996)hence natural populations

I reach full maturity (climax succession to valleyare mostly relegated to spawning and rearing in
oak woodland). New sediment and gravel that low elevation habitats that were historically used
sustain this process are supplied by a combinationmostly as migration corridors. Because of
of eroding banks along the mainstem river andincreased summer and fall hypolimnetic releases
input from unregulated upstream tributaries. Newfrom reservoirs, flow and temperature conditions
fish habitat is continually created by migratingin the late summer and fall periods in these

I gravel riffles and deeper pools formed atreaches can be more beneficial to steelhead than
bendways, and by mature trees and roots thatbefore the dams were built, and small numbers of
overhang or topple into the channel as the rivernatural steelhead are able to sustain themselves in
naturally erodes through older alluvial depositsthese tailwater habitats because of this.
supporting climax vegetation. Inhospitable conditions in the lower reaches in the

I
~ ~
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pre-dam years was not an overriding impact toin place from mid-May to mid-September to allow
steelhead because they had access to the coolerdiversions up to 3,000 cfs into the Coming Canal
water habitats of the mid and high elevationand Tehama Colusa Canal. Both the dams and
tributaries, diversions have fish passage facilities and fish

screens. Fish passage facilities are inadequate at
Striped bass spawning in the Sacramento River isboth facilities, and the screen system at the ACID
controlled by water temperatures. Fertilizeddiversion is not adequate. Although predation
striped bass eggs require sufficient stream flowsproblems associated with the dams have been
and velocities to maintain the eggs in suspension,lessened, they still occur.

Improvements in late-winter and springAll other water diversions along the river are
streamflows and stream meander corridors areshoreline diversions. The largest is GCID’s
needed to benefit American shad spawning andHamilton City Pumping Plant on an oxbow off of
rearing in the Sacramento River. the Sacramento River. It diverts up to 3,000 cfs of

water into the Glenn-Colusa Canal. Although
The yellow-billed cuckoo along the Sacramentomany improvements have been made to its
River above the Delta is not a species for whichscreening system, fish protection remains
specific restoration projects are proposed, inadequate and improvement efforts continue. An
Potential habitat for the cuckoo will be improvedenvironmental impact report is being prepared to
by improvements in riparian habitat areas thatdescribe actions involved in resolving the
result from efforts to protect, maintain, and restoreproblem. In addition,- hundreds of unscreened
riparian and riverine aquatic habitats throughoutdiversions located along the river operate
the Sacramento River Ecological Managementprimarily in the spring-through-fall irrigation
Zone, sustaining the river meander belt, andseason. Approximately 20 of these are large (>250
increasing thecoarsesedimentsupplytosupportcfs). Efforts are presently being made in
meander and riparian regeneration, cooperation with the irrigators and resource

agenciesto screentheselargerdiversions.
Specific restoration projects are not proposed for
the bank swallow populations along theThe damage to fisheries and the riparian system
Sacramento River above the Delta. Potentialassociated with each of the problems in the upper
habitat for bank swallows will be improved by river varies according to the type of water-year
sustaining the river meander belt, and increasingand water delivery operations. The diverse and
the coarse sediment supply to support meandercumulative nature of these variables requires a
and coarse sediment erosion and depositionholistic remedy to achieve ecosystem restoration
processes, in the Sacramento River. The most important

factors causing mortality are being addressed in
Other problems in the Sacramento River affectingvarious ways with interim or emergency actions.
anadromous fish include poorly screenedFish passage over the 80-year-old ACID diversion
diversions, seasonal dams installed in rivers, smalldam must be improved. A feasibility study is
unscreened diversions, and a limited number ofbeing conducted to identify alternatives to achieve
large diversions (>250 cfs). Two diversion damsthis goal. ACID canal operations need to be
operate on the river seasonally: Anderson-standardized to protect Sacramento River chinook
Cottonwood Irrigation District’s (ACID) salmon. This involves draining canal water
flashboard dam in Redding that divertsthroughwaste gates only on channels with fish
approximately 400 cfs and partially impairs thebarriers at their confluence with the river, limiting
upstream and downstream migration of salmonwaste-gate releases to 5 or 10 cfs to minimize
and steelhead, and RBDD, the gates of which areattraction of salmon from the river, and providing
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I
total containment of canal waters when toxiclong term by redesigning, removing, or
herbicides are present, reoperating these structures to minimize the

I creation .of predator habitat, and by providing
Fish passage at RBDD is a longstanding problemescape cover in the form of shaded riverine
that has been partially solved through reoperation,aquatic habitat.

i This interim fix has constrained water diversion,
and the longer term resolution needs toCompetition is primarily between naturally and
incorporate fish passage and survival and waterhatchery produced fish and is typically for food

I delivery. There is the potential that the U.S.and rearing area. The extent of adverse effects of
Bureau of Reclamation (Reclamation) researchthe interaction between hatchery and natural fish
pumping facility at RBDD will allow "gates up" has not been adequately investigated in the Central

I operation at RBDD from mid-September through Valley, although Hallock (1987) reported that
mid-May and allow Reclamation to fulfill its yearling steelhead released into Battle Creek
water contract commitments. With the gatesconsumed large numbers of naturally produced

I raised, fewer squawfish congregate below thechinook salmon fry. Competition may be a
dam, thereby reducing predation on juvenilesuitable subject for focused research and adaptive
salmon as they pass under the dam gates. This alsomanagement. In the interim, hatchery release

I provides unimpaired upstream and downstreamstrategies and schedules should be evaluated to
migration for all anadromous fish in the river,determine opportunities to reduce or eliminatethe
During the period when the gates are open, thepotential for competition. Although the potential

I gravels in the reach immediately above the damadverse effects of hatchery fish on wild stocks of
are available for chinook salmon and steelheadsalmon and steelhead have not been adequately
spawning, thereby, avoiding the need toinvestigated, there is every reason to expect

I compensate for its loss. Fish losses and delayedadverse impacts in addition to competition
migration, however, will still occur during the 4including predation, interference with
months the dam gates are lowered, reproduction, increased fishing mortality due to

I mixing in the ocean fishery, disease introduction,
Natural stream meander, river and floodplainloss of local adaptations, and genetic
interactions, and riparian plant communities haveintrogression. Hatchery operations should be

i been damaged by levees, bridges, bank protection,evaluated and changed to minimize all these
and other types of inchannel structures. Wherepotential problems.
feasible, natural stream meander should be
allowed. To enhance this process, it is likely thatHarvest will remain an important element that

I would be removed in influences the abundance of Centralriprap specific Valleyareas
formerly subject to bank protection activities, anadromous fish populations. Harvest strategies
Bridge piers and abutments restrict stream channelneed to emphasize the protection of naturally

I processes. Long-termremediationofthisproblemproduced stocks with a focus on improving
might include future redesign to accommodatespawner returns for winter-run and spring-run
river meander when bridges across thechinook salmon and steelhead. Harvest has been

I Sacramento River are replaced, severely restricted in recent years to maximize the
return of winter-run chinook spawners, at a high

Unnatural levels of predation typically occur ineconomic cost to fishermen in terms of lost

I the Sacramento River near instream structures,opportunities to harvest abundant fall-run chinook.
such as diversion dams, bridge piers and pilings,
and support structures for diversion pumps. TheseImproved management of anadromous fish
provide structure and shade which attractpopulations, particularly chinook salmon and
predators. This problem can be reduced in thesteelhead, requires the development and
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implementation of a comprehensive coded-wirē bank swallow
tagging and recovery program for hatchery stocks.
Data derived from these marking programs are DESCRIPTIONS OF
important to assess the contributions of hatchery ECOLOGICAL MANAGEMENT
fish to the fisheries and escapements.
Experimental studies can be designed to evaluate U NITS
the interaction of hatchery and wild fish to that
future management direction can be established. KESWlCK DAM TO RED BLUFF

DIVERSION DAM ECOLOGICAL
In the interim, the annual production levels of MANAGEMENT UNIT
each hatchery should be evaluated to ensure that
the hatchery goals are consistent with ecosystemThe Keswick Dam to Red Bluff Diversion Dam
restoration and the recovery of listed species. Inreach (59 miles from RM 302 to RM 243)
the longer-term, hatcheries should not produceincludes the mouths of Ash, Bear, Cow, Inks,
fish at levels which exceed the mitigationStillwater, Anderson, Battle, and Paynes creeks
requirements and other production goals, draining Mount Lessen, and of Spring, Clear, and

Cottonwood creeks draining the Coast Range and
Toxins from mine drainage on Spring Creek, enterKlamath Mountains. Much of the river in this
the river by way of Keswick Dam and threaten reach flows through confined canyons, although
survival of salmon and steelhead when sufficientportions have a broader floodplain. About 4 miles
dilution flows are not available from Shasta Lake.below Keswick Dam, the river widens to about
Recurrent non-point discharges of agricultural500 feet before entering the alluvial plains of the
pesticides and herbicides occur, which may alsoSacramento Valley below Red Bluff. This reach
adversely affect juvenile fish populations, otherincludes much urbanized and residential river
aquatic organisms, and riparian and riverinefrontage, but is not contained by levees as is
aquatic vegetation, common on the downstream reach. More than

75% of naturally spawning chinook salmon in the
LIST OF SPECIES TO BENEFIT FROM Sacramento River use this reach, while the

RESTORATION ACTION IN THE remaining spawners use the reach from RBDD to
SACRAMENTO RIVER ECOLOGICAL Princeton, near Colusa.

MANAGEMENT ZONE
RED BLUFF DIVERSION DAM TO

¯ splittail CHICO LANDING ECOLOGICAL
MANAGEMENT UNIT

¯ green sturgeon
The Red Bluff Diversion Dam to Chico Landing

¯ white sturgeon Reach (49 miles from RM 243 to RIM 194)
includes the mouths of eastside tributaries of the

¯ chinook salmon Sacramento River that drain Mount Lassen and
the northern Sierra Nevada, including Antelope,

¯ steelhead trout Mill, Deer, Pine, Rock, and Big Chico creeks.
Westside streams that drain the upper valley and

¯ striped bass parts of the Coast Range include Elder and
Themes creeks. South of Red Bluff, the river

¯ American shad meanders over a broad alluvial floodplain
confined by older, more consolidated geologic

¯ western yellow-billed cuckoo formations (i.e., more cohesive deposits resistant
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to bank erosion). The extent of river floodplain COLUSA TO VERONA ECOLOGICAL
and active channel meander belt from Red Bluff to MANAGEMENT UNIT
Chico Landing has remained relatively unchanged
and includes a significant amount of riparian The Colusa to Verona reach (63 miles from RM
forest and wildlife. 143 to RM 80) includes the mouth of Butte Creek

at the Butte Slough outfall but no significantgate,
CHICO LANDING TO COLUSA tributary inflow until the Colusa Basin drain enters

ECOLOGICAL MANAGEMENT UNIT the river near Knights Landing at RM 90. In past
years outflow at the Colusa Basin Drain has

The Chico Landing to Colusa reach (51 miles contributed to attraction of adult chinook salmon
from RM 194 to RM 143) includes the mouth of from their normal migratory pathway of the
Stony Creek and no other major tributaries. In this Sacramento River. Fish that stray into the Colusa
reach, most of the high flow during storm runoff Basin Drain are subject to stranding and loss from
events leaves the river along the east bank and the spawning population. High flows leave the
enters the expansive floodplain of Butte Basin river by way of the Colusa and Tisdale weirs.
through three major flood reliefoutfalls at M&T Farther downstream, most flow from the Sutter
Ranch, 3B’s, and Parrot Ranch, and farther Bypass/Butte Slough and Sacramento River leaves
downstream through the Moulton and Colusa the river again at the 3-mile-long Fremont weir
weirs near Colusa. Much of the river downstream and flows down the Yule Bypass to the Delta at
of Chico Landing has been subject to flood control Rio Vista. Most of the levees in this reach are built
with an extensive system of setback levees, basin close to the main river channel, and little riparian
and bypass outflows, and streambank protective forest or shaded riverine aquatic (SRA) habitat
measures, such as riprap. However, considerable remains. Leveed banks are steep, with extensive
riparian forest remains within the levees along the riprap and routine removal of volunteer vegetation
active channel. Levees in this reach are 0.25 to 1.0 by local reclamation districts to maintain levee
mile apart, stability on the confined fiver channel. At the turn

of the century, levees were built close to the banks
In the Butte Basin overflow segment, more to help move sediment down the river to prevent
extensive bank revetment projects installed during natural shoals that obstructed commercial river
the past 30 years by landowners and the U.S. navigation reaching Colusa and Red Bluff. This
Army Corps of Engineers (Corps)attemptto halt unit is the most important spawning area for
natural channel migration by fixing the river in a striped bass, and appropriate flow velocities and
static position. It was believed that natural channel water temperatures are required for successful
migration and meander cutoff might alter flow striped bass reproduction.
splits that divert a major portion of river floodflow
over three major weirs into Butte Basin, where VERONA TO SACRAMENTO
flooding volumes pose less risk to levee ECOLOGICAL MANAGEMENT UNIT
overtopping. Recent hydraulic simulation studies
of this reach appear to indicate that the river is The Verona to Sacramento Ecological
somewhat self-adjusting to maintain similar Butte Management Unit (20 miles from RM 80 to RM
Basin overflow volumes despite specific meander 60) includes important tributary inflow from the
cutoffs that may occur. However, bridge structures Feather River (and from Sutter Bypass and Butte
(e.g., Ord Ferry Bridge) may be more at risk to Creek during high flows) at RM 80 and from the
major adjustments of the channel position within American River at RM 60. High-flow ouffall from
the floodplain, the rivers and Sutter Bypass enters the Yule

Bypass via the Fremont Weir. As with the
upstream reach, most of the levees in this reach
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are built close to the main river channel, and little VISIONS FOR
riparian forest or SRA habitat remains. ECOLOGICAL MANAGEMENT

VISION FOR THE UNITS

ECOLOGICAL VISION FOR THE KESWICK TO

MANAGEMENT ZONE RBDD ECOLOGICAL
MANAGEMENT UNIT

The vision for the Sacramento River Ecological
Management Zone is to improve, restore, andThe vision for the Keswick Dam to Red Bluff

maintain the health and integrity of theDiversion Dam Ecological Management Unit is to

Sacramento River riverine-riparian and tributaryprotect ecological processes where still intact;

ecosystems to provide healthy conditions forallow riparian forests to reach maturity; restore
sustainable fish and wildlife populations and thephysical and successional processes; and protect
plant communities on which they depend, and restore freshwater fish habitats that provide

for migration, spawning, and rearing for chinook

The pathway to this vision is through preservationsalmon and steelhead.

and restoration of erosional and depositional
channel and floodplain forming processes, riparianThe potential activities include maintaining a flow

and wetland habitats, spawning gravelpattern that emulates the seasonal hydrologic
recruitment, and reducing the extent and influenceregime and provides adequate temperatures for
of stressors. It also includes managing streamflowrearing steelhead and winter-run chinook salmon
and flow regime in ways that benefit ecosystemto the extent possible while conserving the cool

health. Restoring the health and integrity of thewater pool in Shasta Reservoir. This must be done
Sacramento River Ecological Management Zonein consideration of the high level of development
will provide a productive and resilient foundationof water and flood storage in the upper section.
for the recovery of the Bay-Delta estuary and theAdditional activities include cooperative efforts to
associated fish, wildlife, and plant resources, restore some aspects of the natural hydrologic

conditions of the upper Sacramento River. The
The main stem Sacramento River above VeronaAnadromous Fish Restoration Plan’s (AFRP’s)

targets of 3,250 to 5,500 cfs from October 1 tomaybethemostimportantsturgeonspawningand

rearing habitat in the Central Valley, particularlyApril 30 are similar to the rates of unimpaired
in view of recent information regarding greenaverage flows. In addition to the AFRP base flow

sturgeon spawning in the river above Hamiltonminimums, reservoir inflows should be released to
City. the river to provide 8,000 to 10,000 cfs and 15,000

to 20,000 cfs flow events for approximately 10

In addition to the vision for the Sacramento Riverdays in March of dry and below normal years,
Ecological Management Zone, individual visionsrespectively. Such flow events would support
have been developed for ecological processes,natural processes in the upper river, such as

and Ecological erosion, sediment transportand sedimenthabitats, stressors, species,
Management Units. These visions follow, deposition, and stream channel meander, that

depend on natural flow regimes. In addition, this
reach contains important year-round spawning and
incubation habitat for anadromous salmonids.

The vision highlights the restoration of ecological
processes that naturally create and sustain habitats
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I          needed to support and restore the endangered       recover or contribute to the recovery of

Sacramento winter-run chinook salmon, thethreatened, endangered, and special concern
threatened Central Valley steelhead, thespecies.
threatened spring-run chinook populations; and
species of special concern such as fall-runThe existing meander belt should be protected and

I chinook, late-fall-run chinook, and green sturgeon,improved to sustain the riparian and riverine
Important ecological functions of flow includeaquatic habitat component that is important habitat
maintaining and supplementing the natural streamfor winter-run chinook salmon and steelhead,

I meander and gravel recruitment processes,other anadromous fish species, riparian forest
transporting and depositing sediment, protectingdependent species, such as yellow-billed cuckoo,
the limited riparian corridor, providing cool water other neotropical migrant bird species, and the

I for all species of fish, and preventing potentialvalley elderberry longhorn beetle. Thi.s reach also
catastrophic fish losses resulting from anprovides important spawning habitat for
uncontrolled spill of toxic materials from Iron anadromous salmonids, particularly fall-run

I Mountain Mine (IMM) and Spring Creek debris chinook salmon.
dam overflows.

Restoring endangered species and species of

I Because this Ecological Management Unitspecial concern requires that water management
encompasses a significant portion of criticalactivities be consistent with maintaining
holding, spawning, and nursery area required byecological processes. These include flows that

I the endangered winter-run chinook salmon, mostemulate the natural hydrologic regime to the
of the water diversions in this reach requireextent possible and are compatible with the high
positive-barrier fish screens installed to protectlevel of development of water in the upper section.

I juvenile salmon and steelhead. A primary concernImportant considerations include flows needed to
in this Ecological Management Unit is protectingmaintain natural stream meander processes, gravel
and enhancing instream gravel resources suppliedrecruitment, transport, deposition, and
to the mainstem river by the tributaries, establishment and growth of riparian vegetation.

Nursery areas for juvenile salmon would beBecause this Ecological Management Unit

i improved by restoring or enhancing riparian andencompasses an important portion of critical
riverine aquatic vegetation throughout this unit,nursery and emigration area required by the
particularly in areas immediately up- andendangered winter-run chinook salmon, water

i downstream of the mouths of some of thediversions in the section will require positive-
tributaries described above, barrier fish screens to protect juvenile fish..In

addition, recent research on non-natal rearing in
VISION FOR THE RI=D BLUF:F: TO secondary and ephemeral tributaries indicates that

I CHICO LA, NDING ECOLOGICAL streams are important rearingthese habitatand

MANAGEMENT UNIT refuges for young chinook salmon and steelhead
in the Sacramento River system.

The vision for the Red Bluff Diversion Dam to
Chico Landing Ecological Management Unit is toThe broad riparian corridors throughout the unit
protect and expand the quantity and quality of theshould be connected and should not be

I stream meander corridor; protect the associatedfragmented.Thesecorridorsconnectlargerblocks
riparian forest and allow it to reach maturity;of riparian habitat, typically greater than 50 acres.

install positive barrier fish screens to protectThe riparian corridors should generally be greater

I than 100 yards wide and would support increasedfish; maintainflows that emulatetheyoung
natural hydrology to the extent possible; andpopulations of neotropical migrants, such as the
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yellow-billed cuckoo, and unique furbearers, suchrequirements. This important concept should be
as the ring-tail and river otter. Species such as theintegrated into any future flood control planning
bank swallow will benefit from the restoration ofefforts.
processes that create and maintain habitat within
this unit. Closing gaps in the shoreline riparian vegetation

and nearshore aquatic habitat will be
Nursery areas for juvenile salmon should beaccomplished by several means. These include
improved through the restoration of watersidenatural colonization or active restoration of
emergent and riparian vegetation throughout theexpanded floodplain along channels; reduction of
unit and particularly up- and downstream of thevegetation management by local reclamation
mouths of some of the tributaries described above,districts (consistent with flood control

requirements); and enhancement of channel banks
VISION FOR THE CHICO LANDING by modifying levees and berms to incorporate

TO COLUSA ECOLOGICAL habitat structures, such as fish groins and low

MANAGEMENT UNIT waterside berms that support natural growth and
woody debris. However, in the long-term, it may

The vision for the Chico Landing to Colusabe more beneficial and more cost effective to
Ecological Management Unit is to improve habitatconstruct set back levees.
and increase survival of many important fish and
wildlife resources by preserving, managing andImportant elements needed to attain the vision for
restoring a functioning ecosystem that provides athis unit include specific processes that maintain ¯
mosaic of varying riparian forest age classes andhigh-quality habitat for chinook salmon and
canopy structure; maintaining a diversity ofsteelhead, as well as the other anadromous fish
habitat types, including forest and willow scrub,species. The continuance of the natural river ¯
cut banks and clean gravel bars, oxbow lakes andmigration within its meander zone is essential to
backwater swales with marshes, and floodplaincreate and maintain most of these habitats. A mix
valley oak/sycamore woodlands with grasslandof solutions will be employed to reduce the need ¯
understory; maintaining uninterrupted gravelfor future additional bank protection or separation |
transport and deposition; supporting a complexityof the channel from its floodplain. Floodplain
of shaded and nearshore aquatic substrate andmanagement and detention measures that expand
habitats with well-distributed instream woodyflood protection for valley residents by reducing |
cover and organic debris; setting back levees; andpeak flood stage within the leveed channel will

also permit more undisturbed habitat to thrivethe installing positive barrier fish screens.
within the river corridor. Measures will most ¯

Restoring endangered species and species oflikely include strategic levee setbacks, expanding

special concern requires that water managementflood basin outflow capacity, and new flood
activitiesbe consistent with maintaining easements in basin lands that detain additional ¯
ecological processes. These include flows thatflood flows, thereby reducing river stage.
emulate seasonal patterns typical of the natural
hydrologic regime, consistent with the high levelIn this unit, broad riparian corridors should be |
of water development in the upper section,interconnected with narrower corridors that are
Important considerations include flows needed tonot subject to fragmentation. These corridors

should connect larger blocks of riparian habitat, ¯maintainnaturalstreammeanderprocessesand
gravel recruitment, transport and deposition, andtypically larger than 50 acres. These blocks should
maintenance of the limited riparian corridor in thisbe large enough to support the natural cooling of

A long-term goal would be to set back the river by convection currents of air flowing Isection,
levees in this section consistent with flood controlfrom the cool, humid forests and across the river
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water. The wider riparian corridors shouldproblems with high watertemperatures,
generally be greater than 100 yards wide to bettercontaminants, or fish stranding.
support neotropical migrants, such as the yellow-
billed cuckoo. Cavity-nesting species, such as theThe lack of channel capacity and proximity of
wood duck, and special-status species, such as thelevees to the river in the lower two units in this
bank swallow, will benefit from restoring thezone are the primary reasons that many habitats
processes that create and maintain habitat withinare degraded, discontinuous, or absent from this
this unit. The narrower corridors would be 10 to part of the river. There is simply no more room to
25 yards wide. restore large habitat nodes or corridors without

contributing to the flood risk. This is an area
Nursery areas for juvenile salmon should bewhere flood control, the potential for set back
improved by restoring waterside emergent andlevees, and ecosystem restoration requirements
riparian vegetation throughout this unit. must be carefully evaluated and integrated. While

the potential for meander restoration is less
Because this Ecological Management Unitfeasible here than on other sections of the river,
encompasses a significant portion of the criticalsome degree of restoration is possible.
migration habitat required by the endangered
winter-run chinook salmon, positive-barrier fish VISION FOR THI= ~/~IEFIONA TO
screens should be used at water diversions in this SACRAMENTO ECOLOGICAL
section to protect juvenile fish. MANAGEMENT UNIT

VISION FOR THE COLUSATO The vision for the Verona to Sacramento
VERONA ECOLOGICAL Ecological Management Unit is to recover,
MANAGEMENT UNIT contribute to the recovery, or maintain many

important fish and wildlife resources that depend
The vision for the Colusa to Verona Ecologicalon partially operational ecological processes and
Management Unit is to improve habitat andfunctions. Elements ofthisvision include actions
increase survival of many important fish andto maintain a natural flow pattern; maintain high-
wildlife resources; set back levees to improvequality nursery and migration habitat for adult and
conditions for riparian vegetation and limitedjuvenile winter-run chinook salmon and steelhead
stream meander; provide flows that emulate theand other anadromous fish species; emulate the
natural flow patterns; and install positive barriernatural hydrologic regime to the extent possible;
fish screens to protect young fish. maintain natural stream meander processes and

gravel recruitment and deposition; maintain a
ImPortant elements needed to attain the vision forlimited but continuous riparian corridor; provide
this unit include specific processes that allow thewater temperatures suitable to support chinook
recovery of riparian forest and nearshore aquaticsalmon, steelhead, and other anadromous fish;
habitats and maintain high-quality habitat forreducing potential fish losses resulting from toxic
chinook salmon and steelhead and otherresidues from agricultural tailwater; and install
anadromous fish species. Because this reach is anpositive barrier fish screens to protect young fish.
important seasonal component of the critical
migration habitat required by the endangeredClosing gaps in the shoreline riparian vegetation
winter-run chinook salmon, positive-barrier fishand nearshore aquatic habitat will be accom-
screens should be used at water diversions in thisplished (consistent with flood control require-
section to protect juvenile fish. Adversements) by reducing vegetation management by
environmental effects of the Colusa Basin Drainlocal reclamation districts andby enhancing
will be eliminated so that there are no futurechannelbanks. The letter entails modifying levees
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and berms that incorporate habitat structures (suchstorage reservoirs to provide flows that emulate
as fish groins and low waterside berms), whichnatural peak flow events.
support natural growth and woody debris. This
section presents the greatest potential for addingCOARSE SEDIMENT SUPPLY: The supply of
oxbows and arms back into the river system,sediments, including gravel, on the Sacramento
These modification would enhance valley-wideRiver is severely impaired by reduced inputs from
flood control because an increased floodplaintributaries and blockage of upstream sources by
would disperse and carry more water. Nursery Shasta Dam and Keswick Dam. Spawning habitat
areas for juvenile salmon would be improved byof salmon and steelhead and the production of
restoring waterside emergent and riparianaquatic invertebrates are dependent on the amount
vegetation nodes throughout this unit, particularlyof suitable gravel in the river. Two major sources
in areas immediately downstream of the mouth ofof sediments include Cottonwood Creek and
the American River. natural bank erosion. The vision is to use natural

processes to provide sediments to the system and
In this unit, narrower riparian corridors should beto supplement sediment introductions to the extent
connected and should not be fragmented. Thesenecessary to emulate natural conditions.
corridors would connect larger blocks of riparian
habitat, typically greater than 50 acres. TheseSTREAM MEANDER-" The meandering river
blocks would be large enough to support theprocess in the Sacramento River provides much of
natural convection currents of air flowing from thethe habitat required by anadromous fish
forests across the river, causing evaporativepopulations that depend on the river for spawning,
cooling of the river. The riparian corridors wouldrearing, and migration. The meander belt of the
generally be 10 to 25 yards wide and wouldupper portion of the river above Chico Landing is
support cavity-nesting species, such as the woodreasonably healthy and functioning, while the
duck, and provide perch and nest sites for raptors,meander belt of the lower reaches of the river has
such as the Swainson’s hawk. Significantbeen greatly limited by river channelization, by a
expansion of riparian habitat is only possible ifnetwork of confining levees, and associated
lower river peak floodflow can be reduced, or development in the river floodplain. The vision is
where levees can be set back several hundred feetto maintain and preserve existing areas of
at constricted bends to create expanded floodplainmeander and to reactivate meander in other areas
nodes within the levees, that are impaired by bank protection activities.

VISIONS FOR ECOLOGICAL NATURAL FLOODPLAIN AND FLOOD
PROCESSES: Natural floodplains above Chico

PROCESSES Landing are present, but much of the floodplains
below are no longer accessible due to levee

CENTRAL VALLEY STRE/MVIFLOWS’. Healthy construction. Maintaining existing and restoring
streamflows are natural seasonal patterns in lateinaccessible floodplains are important ecological
winter and spring, which include peak flow eventscomponents needed to improve the health of the
that support many ecological processes andSacramento River and the Delta. Actions proposed
functions essential to the health of the anadromousfor protecting the natural stream meander corridor
fish populations. The Sacramento River has onlyalong the Sacramento River will contribute to
a marginally healthy streamflow, because storageimproved connectivity of the river with its
reservoirs in the upper watershed reduce floodfloodplain. The vision is to maintain existing areas
peaks during the winter and spring, releasing thewhere the Sacramento River seasonally inundates
stored water during the summer months. Theits floodplain and to reestablish this seasonal
vision for these flow patterns can be attained by
supplemental short-term releases from the major
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I inundation in smaller areas that will be subject tostreamflows, coarse sediment supply, stream
adaptive management and focused research, meander, natural floodplain and flood processes,

I and maintaining and restoring riparian and
CENTRAL VALLEY STREAM riverine aquatic habitats.
TEMPE~TURES: High summer and fall water
temperatures continue to threaten the health ofESSENTIAL FISH HABITAT: The Sacramento
anadromous fish populations in the river.River has been identified as Essential Fish Habitat
Although actions have been taken to reduce high(EFH) based on the definition of waters currently

I water temperatures, low flows and the release ofor historically accessible to salmon (National
warm water from reservoirs in drought yearsMarine Fisheries Service 1998). The vision for
remain as very serious threats to the anadromousEFH is to maintain or restore substrate

i fish populations of the Sacramento River. Thecomposition; water quality; water quantity, depth
vision is that stream temperatures will beand velocity; channel gradient and stability; food;
manipulated to the extent possible to meet thecover and habitat complexity; space; access and

i biological requirements of aquatic organisms andpassage; and flood plain and habitat connectivity.
that a healthy riparian and riverine aquatic
corridor will contribute to shading and moderating VISION FOR REDUCING OR

i temperatures gains in the river. Summer and fall
stream temperatures are more critical for steelhead ELI M I NATI NG STRESSORS

than they are for most races of chinook salmon
because steelhead juveniles must rear for moreWATER DIVERSIONS: Water diversions ranging

I than one year in fresh water, hence the vision isfromseveralcfstoseveralthousandcfsleadtothe

also to provide adequate water temperatures year-loss of millions of juvenile anadromous and

round, resident fish. Significant progress has been made

I in screening the larger diversions, but screens are
needed on the remaining unscreened largest, many

VISION FOR HABITATS            medium-sized, and small diversions. Losses at

I these diversions continue to threaten the health of
RIPARIAN AND RIVERINE AQUATIC the anadromous fish populations. The vision is to
H~aITATS: The vision is to maintain and restoreconsolidate, relocate, and screen diversions along

i extensive areas of riparian and riverine aquaticthe Sacramento River to the extent that they no
habitats. The primary area for this is along thelonger impair other efforts to restore anadromous
Sacramento River above Colusa. However,and residentfishes.
contiguous riparian habitats are extremely

i important to fish and wildlife throughout all
OTHER STRUCTURES: Diversion

reaches of the Sacramento River, including thedams and other structures in the Sacramento River
143 miles below Colusa. directly and indirectly impair the survival of adult

i
FRESHWATER FISH HABITAT: Freshwater fish

and juvenile anadromous fish. Structures delay or
prevent the upstream migration of adult fish

habitat is an important component needed toduring their spawning ran, which lowers the
I reproductive success and viability of the entireensurethesustainabilityof residentnativeand

anadromous fish species. The upper sections ofpopulation. These diversion structures can injure
the Sacramento is a fall chinook salmon spawning      young fish as they migrate downstream or cause

I stream of low gradient while the remainder is a
disorientation,makingthemmoresusceptibleto

valley floor low elevation stream (Moyle and
Ellison 1991). The vision is that the quality of

predation. Predator fish that are not able to

I freshwater fish habitat in the Sacramento River
migrate upstream may congregate below these
structures during times when prey species are

will be maintained through actions directed atabundant. The vision is to modify, remove, or

I
~ cam)
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reoperate structures in a manner that greatly HARVEST OF FISH AND WILDLIFE: The legal
lessens adverse affects on aquatic organisms, and illegal harvest ofanadromous fish within the

river, estuary, and ocean constrains recovery of
LEVEES, BRIDGES, AND    BANK wild populations of anadromous fish in the
PROTECTION: Most of the biological Sacramento River. Reducing the fraction of the
productivity in large river ecosystems occurs in wild population harvested will most likely be
the floodplain. Levees tend to sever the river from necessary to allow recovery of populations to a
its floodplain and thereby reduce this productivity, healthy condition. The vision is that harvest
Bridges and bank protection limit the lateral strategies will complement efforts to rebuild
migration of the river channel. The vision is to anadromous fish populations.
modify or remove structures in a manner that
greatly lessens adverse affects on ecological ,~tFVrlFICi/M. PROPA~.~,TION OF FISH: Stocking
processes, habitats and aquatic organisms, hatchery-reared salmon and steelhead in the

Sacramento River and some of its tributaries
PREDATION AND COMPETITION: Predation supports important sport and commercial fisheries
and competition are natural ecological functions, and mitigates loss of chinook salmon and
For example, Sacramento squawfish are a large steelhead from the construction of large dams and
native predatory minnow which evolved along reservoirs. Hatchery fish also supplement the
with other fishes in the Sacramento River system, numbers of naturally spawning chinook salmon
Predation by this species under natural and steelhead in the river. However, hatchery
environmental conditions is a natural ecological salmon and steelhead may impede the recovery of
function. However, large-scale alterations of wild populations by competing with wild stocks
habitat, streamfiow, and the construction of for food and space. Hatchery-raised stocks,
instream structures has provided an advantage to because of interbreeding, may not be genetically
predatory species by eliminating escape cover for equivalent to wild stocks or may not have the
young fish and providing types of habitat that instincts to survive in the wild. If these stocks
harbor predatory fish. Unnatural levels of breed with wild populations, overall genetic
predation or competition can result in adverse integrity suffers. Improvements in hatchery
effects to important sport and commercial practices are necessary to ensure recovery of wild
fisheries and species of concem. The vision is that salmon and steelhead populations. The vision is to
predation and competition will be lessened by operate hatcheries in a manner that is fully
removing, redesigning, or reoperating inwater integrated into ecosystem management and
structures and diversion dams, altering hatchery restoration of naturally spawning anadromous
practices, and restoring riparian and riverine fish.
aquatic habitats.

STFI,a~DIN6: Chinook salmon and other fish
CONT/Id~IINANTS: Heavy metals from Spring species remain susceptible to stranding as a result
Creek are a continuing problem for fish in the of entering the lower end of the Colusa Basin
upper Sacramento River, as well as non-point Drain. The vision is to provide a long-term
sources of contaminants in the lower river reaches, remedy to prevent adult fish, particularly chinook
such as agricultural return flow at Knights salmon, from entering thedrain.
Landing. The vision is that contaminant effects
will be reduced to levels that will not impair VISIONS FOR SPECIES
efforts to restore anadromous and resident fish
populations and other aquatic and terrestrial SPLt~-rAIL: The vision for splittail is to recover
species, this federally listed threatened species.

Improvements in the riparian and stream meander
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corridors along the Sacramento River willstream meander corridors should also benefit
improve spawning and early rearing habitat ofsturgeon. The vision is that restoration of
splittail. Late-winter and early-spring streamflowecological processes and habitats, along with a
improvements will provide attraction flows for reduction ofstressors, will contribute to stable and
spawning adults and increased spawning habitat,larger sturgeon populations.
The vision is that restoration of ecological
processes and habitats, along with a reduction ofGreen sturgeon is a legal sport fish in California,
stressors, will contribute to a stable and largerOregon, and Washington. The Bay-Delta system
splittail population, constitutes the southernmost reproducing

populations of green sturgeon. There is no direct
Splittail are presently restricted to a fraction ofevidence that green sturgeon have declined in the
their historic range. Restoring splittail to theirSacramento River, but the population is quite
former range outside the Delta is in an importantsmall, and a collapse could occur under some
element for this species. Generally, restoration ofconditions. Green sturgeon require additional
the species refers primarily to restoration of thefocused research on life history, distribution and
reduced Delta populations. Nonetheless, someabundance.
actions that may assist in restoration of this native
species to a portion of its previous upstream rangeSimilar to restoration actions for white sturgeon,
include: creation of meander belts along theactions that will contribute to the protection and
Sacramento River by levee setbacks, creation ofrestoration of green sturgeon will occur in the
floodable wetlands in the lower San Joaquin,Sacramento River, Feather River, Sacramento-San
Tuolumne, and Stanislaus rivers, marshJoaquin Delta, and Suisun Marsh/North San
restoration in the Delta and Suisun Marsh,Francisco BayEcologicalManagementZones.
managing bypasses for fish, and removal of

barriers to The of the of Fish andupstream migration. success Department
Game’s white sturgeon management program is

Because of its distribution, restoration actionsclearly indicated by comparison of present day
implemented in the following Ecologicalannual numbers of fish harvested, which
Management Zones will contribute to the recoveryconsistently is nearly 70% of the average
of splittail: Sacramento River, East San Joaquin,commercial catch from 1875 to 1899, about
San Joaquin River, Sacramento-San Joaquin374,000 pounds. The early unregulated fishery
Delta, Suisun Marsh/North San Francisco Bay,nearly wiped out the populations in a short period
Colusa Basin, Feather River/Sutter Basin,of time, while the present managed sport fishery
American River Basin, and Yolo Basin. Many of promises to yield continuous returns. The present
the related actions include restoring ecologicalpopulation goals for white sturgeon are to double
processes linked to natural floodplains and floodthe white sturgeon abundance of the average 1967
processes, to 1991 population estimates of fish older than 15

years and to maintain a population that includes at
WHITE STURGEON AND GREEN STURGEON." least 100,000 fish that are greater than 102 cm in
The vision for green sturgeon is to recover thislength.
California species of special concern and restore
population distribution and abundance to historicAlthough the California Department of Fish and
levels. The vision for white sturgeon is to maintainGame and USFWS have set population and
and restore population distribution and abundanceharvest goals, actions to accomplish the
to historic levels to support a sport fishery.Ecosystem Restoration Program Plan (ERPP)
Improved peak flows in late winter and earlytarget will be achieved by restoration actions
spring will benefit sturgeon spawning. Improvedundertaken and completed in the Sacramento
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River, Feather River, Sacramento-San JoaquinThe population criteria proposed to determine
Delta, and Suisun Marsh/North San Francisco Baywhen winter-run chinook salmon are recovered
Ecological Management Zones. require that mean annual spawning abundance

over any 13 consecutive years shall be 10,000
CHINOOK SALMON: The vision for Central females. The geometric mean of the cohort
Valley chinook salmon is to recover all stocksreplacement rate (CRR) over the same 13 years
presently listed or proposed for listing under ESAshall be greater than 1.0. The variability in cohort
and CESA, achieve naturally spawning populationreplacement rate is assumed to be the same as or
levels that support and maintain ocean commercialless than the current variability. The recovery goal
and ocean and inland recreational fisheries, andalso includes a provision to ensure that the
use fully existing and restored habitat, population estimates are sound. The estimation

criterion is that there must be a system in place for
Four races of chinook salmon will benefit fromestimating spawning run abundance with a
improved streamflows, gravel recruitment, waterstandard error of less than 25% of the estimate. If
temperatures, riparian and riverine aquatic habitat,this level of precision cannot be achieved, then the
and stream meander corridors. The vision is thatsampling period over which the geometric mean
restoration of ecological processes and habitats,of the Cohort Replacement Rate is estimated must
along with a reduction of stressors, will contributebe increased by one additional year for each 10%
to stable and larger chinook salmon populations,of additional error above 25%.

Presently, late-fall-run chinook salmon have noWith respect to the recovery of the Sacramento
special protection. The great majority of late-fall-River winter-run chinook salmon, there are two
run chinook appear to spawn in the mainstemgenetic issues of concern: (1)the effects of past
Sacramento River during January, February, andand present reductions in population size on
March. Late-fall-run chinook abundance haspopulation fitness and population growth rate and
declined due to passage problems at Red Bluff(2) the genetic consequences of meeting the
Diversion Dam, loss of habitat, poor survival ofdelisting criteria.
emigrating smolts, sport and commercial harvest,
and other factors, such as disease and pollutants.Programmatic actions that will contribute to the

recovery of the winter-run chinook salmon will be
Sacramento River late-fall-run chinook salmonimplemented in the following Ecological
populations will be regarded as healthy when theManagement Zones: Sacramento River,
average number of spawners in the SacramentoSacramento-San Joaquin Delta, and Suisun
River basin exceeds 15,000 fish each year over aMarsh/North San Francisco Bay.
15-year period (five generations times 3 years per
generation), with 3 of the 15 years being dry orBecause of their life-history requirements, typical
critically dry (USFWS 1996). of all Pacific salmon, Central Valley chinook

salmon require high-quality habitats for migration,
The recovery of the winter-run chinook salmonholding, spawning, egg incubation, emergence,
requires actions to increase their abundance andrearing, and emigration to the ocean. These
improve their habitat to the point that thediverse habitats are still present throughout the
probability of extinction will be very low. Central Valley and are successfully maintained to
Although artificially produced fish may be used tovarying degrees by existing ecological processes.
rebuild the population to a level that can satisfyEven though the quality and accessibility of the
these criteria, direct satisfaction of the criteria willhabitats have been diminished by human-caused
depend on natural reproduction, actions, these habitats can be restored through a

comprehensive program that strives to restore or

¯
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I reactivate ecological processes, functions, andmanaging and restoring each stock with the goal
habitat elements on a systematic basis, whileof maintaining cohort replacement rates of much

I reducing or eliminating known sources ofgreater than 1.0 while the individual stocks are
mortality and other stressors that impair therebuilding to desired levels. When the stocks
survival of chinook salmon, approach the desired population goals, ERPP will

contribute to maintaining a cohort replacement
rate of 1.0.

I Spring-run chinook salmon are a threatened
species under the California Endangered Species
Act and is considered a sensitive species by the

i U.S. Forest Service. Because of their life history
patterns, spring-run chinook enter the Sacramento
River early in the year and ascend to tributaries

i where they oversummer to spawn during the
1570 1575 1980 ,19851990 1955 following fall. Young fish may rear for a year or

longer in the tributaries before entering the
Sacramento Valley chinook Salmon Spawning Population

I Abundances with Proportion of Estimated from Natural Sacramento River during their seaward migration.
Spawning and Hatchery Production, PFMC 1999.

The status of a spring-run chinook salmon in the
mainstem Sacramento River is uncertain,I are major programs restore however, suggests may aThere three to chinook evidence thatthere be

salmon populations in the Central Valley. Thesignificant introgression with fall-run chinook.
Secretary of the Interior is required by the CentralThe role of the Sacramento River in sustaining

I Valley Project Improvement Act (PL 102-575) to spring-run chinook salmon is primarily to provide
double the natural production of Central Valleyadult fish passage to the tributary streams and to
anadromous fish stocks by 2002 (USFWS 1995). provide rearing and emigration habitat for
The National Marine Fisheries Service is requiredjuveniles during their seaward migration.
under the federal ESA to develop and implement
a recovery plan for the endangered winter-runSpring-run chinook salmon populations will be

I chinook salmon and to restore the stock to levelsconsidered healthy when the average number of
that will allow its removal from the list ofspawners in tributary streams to the Sacramento
endangered species (NMFS 1996). The California River exceeds 5,000 fish each year over a 15-year

I Department of Fish and Game is required underperiod (five generations times 3 years per
state legislation (the Salmon, Steelhead Trout andgeneration), with 3 of the 15 years being dry or
Anadromous Fisheries Program Act of 1988) to critically dry. The average number of natural, wild
double the numbers of salmon that were present inspawners over the 15-year period must not be
the Central Valley in 1988 (Reynolds et al. 1993). fewer than 8,000 fish (USFWS 1996).

I Each of the major chinook salmon restoration STEELHEAD TROUT: The vision for steelhead
/recovery programs has developed specific goals trout is to recover this species listed as threatened
for Central Valley chinook salmon stocks. ERPP under ESA and achieve naturally spawning

I embraces each of the restoration/recovery goals populations of sufficient size to support inland
and will contribute to each agency’s program by recreational fishing and that use fully existing and
restoring critical ecological processes, functions, restored habitats.
and habitats, and by reducing or eliminating
stressors. ERPP’s approach is to contribute to
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Steelhead will benefit from improved streamflowsspectrum of ecological resources, including
and gravel recruitment in the upper river andsteelhead trout.
improved water temperature and riverine habitat
in the upper, middle, and lower reaches of theSTRIPED BASS: The vision for striped bass is to
river. The vision is that restoration of ecologicalrestore populations to levels of abundance
processes and habitats, along with a reduction ofconsistent with the Fish and Game Commission
stressors, will contribute to stable and largerstriped bass policy, This will support a sport
steelhead populations, fishery in the Bay, Delta, and tributary rivers and

reduce the conflict between protection of striped
NMFS has identified steelhead populations in thebass and other beneficial uses of water in the Bay-
Central Valley as composing a single evolutionaryDelta. Striped bass spawning in the Sacramento
significant unit (ESU) based on a variety ofRiver is controlled by water temperatures.
physical and biological data. These data includeFertilized striped bass eggs require sufficient
the physical environment (geology, soil type, airstream flows and velocities to maintain the eggs in
temperature, precipitation, riverflow patterns,suspension. Striped bass will benefit from
water temperature, and vegetation); biogeographymanagement of streamflow, water velocities, and
(marine, estuarine, and freshwater fishwater temperatures. The vision is that restoration
distributions); life history traits (age at smolting,of ecological processes and habitats, along with a

at spawning, river entry timing, spawningreduction of stressors, will contribute to a stableage
timing), and genetic uniqueness, and larger striped bass population.

The Central Valley steelhead ESU encompassesMost of the broader restoration actions for striped
the Sacramento and San Joaquin Rivers and theirbass are centered in the Delta. However, the
tributaries. Recent data from genetic studies showSacramento River near Colusa is the primary
that samples of steelhead from Deer and Millspawning area for adult striped bass. A water
Creeks and Coleman National Fish Hatchery ontemperature of 61°F is required to trigger striped
Battle Creek are well differentiated from all otherbass spawning in the spring. Therefore, in some
samples ofsteelhead from California. years it may be possible to manipulate water

temperatures to reach the threshold for spawning.
Within the broad context of ecosystem restoration,Striped bass eggs require sufficient flow velocity
steelhead restoration will include a wide variety ofto keep the eggs suspended for two to three days
efforts, many of which are being implemented forbefore they hatch. Typically, flow velocity in the
other ecologicalpurposes, or thatare nonspecificSacramento River is more than adequate to
to steelhead trout. For example, restoration ofmaintain egg suspension.
riparian woodlands along the Sacramento River
between Keswick Dam and Verona will focus on Very young fish (larvae and fry) are susceptible to
natural stream meander, flow, and naturalentrainment at diversions and are not protected by
revegetation/successional processes. These will bepositive barrier fish screens designed to protect
extremely important in providing shaded riverineyoung salmon.
aquatic habitat, woody debris, and other necessary
habitats required by lower trophic organisms andAMERtCAN SHAO: The vision for American
juvenile and adult steelhead populations, shad is to maintain an naturally spawning

population, consistent with restoring native
Operation of the water storage and conveyancespecies, that supports a sport fishery similar to the
systems throughout the Central Valley for theirfishery that existed in the 1960s and 1970s.
potential ecological benefits can be one of theImprovements in late-winter and spring
more important elements in restoring a widestreamflows and stream meander corridors will
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benefit American shad spawning and rearing inland to agriculture, urbanization, and flood control
the Sacramento River. The vision is thatprojects have caused the loss of habitat.
restoration of ecological processes and habitats,
along with a reduction of stressors, will contributeThe yellow-billed cuckoo is listed as endangered
to a stable and larger American shad population,by the State of California. This listing charges the

state with the responsibility to conserve, protect,
Although American shad is an introduced species,restore, and enhance the species as well as to
it supports a highly seasonal and popular sportacquire lands for its habitat.
fishery in the Sacramento, Feather, Yuba, and
American Rivers. This species will benefit fromRebuilding the yellow-billed cuckoo population to
actions implemented to restore and maintaina healthy state will require a coordinated approach
ecological processes related to streamflow,to restoring ecosystem processes and functions,
floodplain processes, and improved nearshorerestoring habitat, and reducing or eliminating
habitat and cover provided by shaded riverinestressors. Within the broad context of ecosystem
aquatic and woody debris. These actions are beingrestoration, restoration of the cuckoo populations
developed throughout the Central Valley and willwill include a wide variety of efforts, many of
provide benefits to numerous species and specieswhich are being implemented for other ecological
communities, purposes or which are nonspecific to the cuckoo.

For example, restoration of riparian woodlands
WESTERN YELLOW-BILLED CUCKOO: The along the Sacramento River will focus on natural
vision for the yellow-billed cuckoo is to contribute stream    meander, flow, andnatural
to the recovery of endangered revegetationaVsuccessional process.thisState-listed Thesewillbe
species. The yellow-billed cuckoo along theextremely important to providing shaded riverine
Sacramento River above the Delta is not a speciesaquatic habitat, woody debris, and other habitat
for which specific restoration projects arevalues that contribute to the health of yellow-
proposed. Potential habitat for the cuckoo will be billed cuckoo populations.
expanded by improvements in riparian habitat
areas. These improvements will result from effortsBANK SW,aO.LOW: The vision for the bank
to protect, maintain, and restore riparian andswallow is to contribute to the recovery of this
riverine aquatic habitats throughout theState-listed threatened species. Potential habitat
Sacramento River Ecological Management Zone,for bank swallows will be improved by sustaining
thus sustaining the river meander belt, andthe river meander belt and increasing the coarse
increasing the coarse sediment supply to supportsediment supply to support meander and natural
meander and riparian regeneration, sediment erosion and deposition processes.

Yellow-billed cuckoos inhabit extensivePLANT SPECIES /M~ID COMMUNITIES: The
deciduous riparian thickets or forests with dense,vision for plan species and communities is to
low-level or understory foliage that abuts rivers,protect and restore these resources in conjunction
backwaters, or seeps. This species is found in thewith efforts to protect and restore wetland and
American River Basin, Colusa Basin, Sutterriparian and riverine aquatic habitats.
Basin, Butte Basin, and North Sacramento Valley
Ecological Management Zones. Overall, the
decline of the cuckoo has resulted from the loss of
dense riparian habitat along the lower floodplains
of larger streams, including those found within the
Sacramento-San Joaquin Delta. Conversion of
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INTEGRATION WITH The vision for the Sacramento River Ecological
Management Zone will contribute to and benefit

OTH E R RESTORATION from the Anadromous Fish Restoration Program,

PROGRAMS which strives to double the natural production of
anadromous fish in the system over the average

Attaining the vision for the Sacramento Riverproduction from 1967 through 1991.

Ecological Management Zone requires near-term
funding and implementing actions to achieve theIn addition to the Anadromous Fish Restoration

targets. This includes managing water project,and Anadromous Fish Screening programs, the

operations, purchasing title or easements of landCVPIA requires the Secretary of the Interior to

from willing sellers, cooperatively developing andimplement a wide variety of Central Valley

implementing a phased fish screening program,Project (CVP) operation modifications and

acquiring and placing gravel, and performingstructural repairs in the Central Valley for the
benefit of the anadromous fish resources.engineering studies to improve fish passage at

diversions and dams. Significant areas of theSections 3406(b)(1) through (21) of the CVPIA

Sacramento River between Red Bluff and Colusaauthorize and direct the Secretary, in consultation

actively meander.Managementactionsshouldaimwith other state and federal agencies, Indian

to protect this functioning process where it istribes, and affected interests to take the following

intact, in addition to restoring channel migrationactions, all of which will ultimately assist in

within the meander belt. protecting and restoring a wide variety of fish and
wildlife resources, habitats, and ecological

Several major restoration efforts are either beingfunction associated with the Sacramento and other
developed or implemented by state and federalrivers in the Central Valley.

agencies. They will greatly contribute to the
success of effort to restore ecological health to thē Modify CV-P operations to protect and restore

Sacramento River. natural channel and riparian values

CENTRAL VALLEY PROJECT ¯ Modify CVP operation based on
recommendations of the USFWS afterIMPROVEMENT ACT consultation with the CDFG.

The U.S. Fish and Wildlife Service (USFWS) and ¯ Manage 800,000 acre-feet of CVP yield for
the Bureau of Reclamation (Reclamation) are
implementing the Central Valley Project fish, wildlife, and habitat restoration purposes

Improvement Act (CVPIA), which provides for after consultation with USBR and CDWR and

restoration of habitats and species and elimination in cooperation with the CDFG.

of many stressors. Key elements of the CVPIA
program include the Anadromous Fish Restoration

¯ Acquire water to supplement the quantity of
water dedicated for fish and wildlife waterProgram (USFWS 1997) and the Anadromous needs including modifications of CVP

Fish Screening Program. Other elements are
directed at spawning gravel replenishment, fish

operations; water banking; conservation;

passage, water temperature control in the reach
transfers; conjunctive use; and temporary and
permanent land fallowing, including purchase,

between Keswick Dam and RBDD, water
acquisition, and other measures that will lease, and option of water, water rights, and

contribute to health of the Sacramento River and associated agricultural land.

Sacramento-San JoaquinDelta Ecological ¯ Mitigate for Tracy Pumping Plant operations.Management Zones.

¯
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¯ Mitigate for Contra Costa Pumping Plant going program to mitigate for the Glenn-
operations. Colusa Irrigation District’s Hamilton City

Pumping Plant.
¯ Install temperature control device at Shasta

Dam. ¯ Assist the State in efforts to avoid losses of
juvenile anadromous fish resulting from

¯ Meet flow standards that apply to CVP. unscreened or inadequately screened
diversions.

¯ Use pulse flows to increase migratory fish
survival. In addition to the aforementioned CVPIA actions,

Section 3406(e)(1 through 6) directs the Secretary
¯ Eliminate fish losses due to flow fluctuationsto investigate and provide recommendations on

of the CVP. the feasibility, cost, and desirability of
implementing the actions listed below. When

¯ Minimize fish passage problems at Red Bluffcompleted, these actions will provide additional
Diversion Dam. understanding of the overall ecosystem problems

and provide additional measures which will
¯ Implement Coleman National Fish Hatchery benefit anadromous fish.

Plan and modify Keswick Dam Fish Trap.
¯ Measures to maintain suitable temperatures

¯ Provide increased flows and improve fish for anadromous fish survival by controlling or
passage and restore habitat in Clear Creek. relocating the discharge of irrigation return

flows and sewage effluent, and by restoring
¯ Replenish spawning gravel and restore riparian forests.

habitat below Shasta Reservoir.riparian
¯ Opportunities for additional hatchery

¯ Install new control structures at the Delta production to mitigate the impacts of water
Cross Channel and Georgiana Slough. development and operations or enhanceon,

efforts to increase Central Valley fisheries:
¯ Construct, in cooperation with the State and in PROVIDED, that additional hatchery

consultation with local interests, a seasonally production shall only be used to supplement
operated barrier at the head of Old River. or to re-establish natural production while

avoiding adverse effects on remaining wild
¯ In cooperation with independent entities and stocks.

the State, monitor fish and wildlife resources
in the Central Valley. ¯ Measures to eliminate barriers to upstream

and downstream migration of salmonids.
¯ Resolve fish passage and stranding problems

at Anderson-Cottonwood Irrigation District ¯ Installation and operation of temperature
Diversion Dam. control devices at Trinity Dam and Reservoir.

¯ Reevaluate carryover storage criteria for¯ Measures to assist in the successful migration
reservoirs on the Sacramento and Trinity of anadromous fish at the Delta Cross
rivers Channel and Georgiana Slough.

I ¯ Participate with the State and other federal¯ Other measures to protect, restore, and
agencies in the implementation of the on- enhance natural production of salmon and
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steelhead in tributary streams ofthe for resolving flooding and interrelated ecosystem
Sacramento River. problems in the two basins. A cornerstone of this

study is a system-wide evaluation to determine the
Section 3406(g) of the CVPIA directsthe existing capabilities of the flood management
Secretary to develop models and data to evaluatesystems with an assessment of ecosystem
the ecologic and hydrologic effects of existing andfunctions intricately linked with the flood
alternate operations of public and private waterconveyance functions of the river systems.
facilities and systems to improve scientific
understanding and enable the Secretary to fulfillENDANGERED SPECIES RECOVERY
requirements of the CVPIA. PLAN IMPLEMENTATION

UPPER SACRAMENTO RIVER The ERPP will be an important, if not major,
FISHERIES AND RIPARIAN HABITAT component in the successful implementation of

ADVISORY COUNCIL recovery measures for species listed under either
the State or Federal ESAs. For example, many of

Established in 1986 by Senate Bill 1086, thisthe targets and programmatic actions listed later in
council has develop a restoration plan andthis section are derived from existing recovery
undertaken efforts to eliminate structural problemsplan. Two plans that have had major influences
related to fish passage and entrainment (Resourceson the development of programmatic actions
Agency 1989). The present focus of the Council isinclude the Recovery Plan for the Sacramento/San
to develop and implement a program to protectJoaquin Delta Native Fishes (U.S. Fish and
and preserve the stream meander corridor andWildlife Service 1996) and the NMFS Proposed
establish a riparian conservation area fromRecovery Plan for the Sacramento River Winter-
Keswick Dam to Verona. run Chinook Salmon (National Marine Fisheries

Service 1997).
The vision for this important Ecological
Management Zone will assist the UpperBecause the ERPP addresses endangered species
Sacramento River Advisory Council’s Riparianfrom a broader ecosystem perspective, many
Habitat Committee (SB 1086 committee) as itrestoration actions will benefit broad species
progresses with its plan to restore a naturallycommunities and the habitats upon which they
sustained riparian corridor, including a designateddepend. These include actions to benefit aquatic
meander belt and extensive forests, betweenand terrestrial fish and wildlife species as well as
Keswick Dam and Verona. special plants and plant communities.

SACRAMENTO AND SAN JOAQUIN State and federal agencies responsible for flood
BASINS COMPREHENSIVE STUDY control and natural river resources should

collaborate with local jurisdictions, landowners,
As a result of State and Federal legislation, theand river conservation organizations to seek
U.S. Army Corps of Engineers and Thesystemize solutions, particularly those that
Reclamation Board of California are conductingemphasize non-structural solutions to flood
the Sacramento and San Joaquin River Basinscontrol and floodplain protection and restoration.
Comprehensive Study. The Study will identify andIn particular, the U.S. Army Corps of Engineers
evaluate measures to correct system deficiencies(Corps) should develop a physical model of the
and will formulate a Master Strategy for Floodriver system and its floodplain (similar to the
Damage Reduction and EnvironmentalButte Basin study, but on a larger scale) to test
Restoration. This Master Strategy will identifyhypotheses for complex rerouting, detention, and
immediate and staged implementation objectivesbypassing of floodwater. A Sacramento Valley
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hydraulic and sediment transport model will be LINKAGE TO OTHER
integrated with an evaluation of ecological
functions dependent on these physical processes i=COLOGICAL
and on the interaction of elements of the MANAGEMENT ZONES
ecosystem recovery and land use with floodway
capacity. The Sacramento River Ecological Management

Zone is dependent on virtually all of its adjacent
Completion of studies and subsequentEcological Management Zones, which
implementation of the U.S. Environmentalcumulatively contribute to the maintenance of
Protection Agency (EPA) remedies for the IMM important ecological processes and functions,
Superfund site are needed to attain the safe metalparticularly water, sediments, and nutrients.
concentrations identified in the basin plan.However, many large, westside streams no longer
Pollution control remedies are required at theprovide significant sediment and gravel to the
IMM portal for discharges of remaining sulfidemainstem river because of the placement of large
ore deposits inside the mountain, the dischargesreservoirs or sediment control basins, and
from tailing piles, and the metal sludge ininstream gravel mining that depletes gravel
Keswick Reservoir. sources in the channel for downstream transport.

In reaching the vision for this EcologicalRestoring and maintaining ecological processes
Management Zone, many cooperative programsand functions in the Sacramento River Ecological
need to be developed with federal, state, and local ’Management Zone are highly dependent on
agencies, as well as local interests, such asactions and conditions in adjacent zones. For
watershed groups and individual landowners. Theexample, maintaining the riparian forests and
cooperative approach also applies to efforts tostream meanderquality of the Sacramento River

some aggregate above Chico Landing is dependent on input ofredirect industries,such the
resource industry, to areas outside the activelargely unregulated flow and sediments from
stream channel. These efforts require support fromCottonwood Creek and several undammed
the industry and counties to undertake newtributariesdraining Mount Lassen and the
programs, northern Sierra Nevada. Therefore, restoring and

maintaining important ecological processes in
Cottonwood Creek and other nonregulatedCALFED BAY-DELTA PROGRAM
tributaries is absolutely essential to maintaining

CALFED has funded nearly 20 ecosystemthe ecosystem health of the Sacramento River.
restoration projects along the Sacramento River.
Most projects screen diversions for irrigatedCottonwood Creek is the most important
agriculture. Four projects acquire and restorewatershed component in the upper river
riparian habitat, in conjunction with the SB 1086downstream of Shasta Reservoir and controls and
program. Three projects plan, design, and willsupports the maintenance of ecological processes
construct a new fish ladder at the Anderson-and functions in the upper Sacramento River. The
Cottonwood diversion to improve access for Cottonwood Creek Ecological Management Zone
winter-run chinook salmon to spawning habitatis discussed separately, but its importance to the
upstream of the dam. ecological health of the upper Sacramento River is

emphasized here, because it is the largest
remaining undammed tributary with natural
hydrologic    conditions    and    sediment
characteristics. In the winter 1986 flood, more
than half the flow (and presumably gravel and
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sediment) in the Sacramento River originated in RESTORATION TARGETS
Cottonwood Creek, greater than the volume
represented by all other north-valley streams AND PROGRAMMATIC
combined. ACTIONS
Likewise, some fish species depend exclusively
on the Sacramento River for migration, spawning, ECOLOGICAL PROCESSES

and nursery habitat, while some species that use
other Ecological Management Zones for spawning CENTRAL VALLEY STREAMFLOWS
use the Sacramento River as primary migration,
nursery, and emigration habitat. Other importantTARGET 1 : More closely emulate the seasonal

Ecological Management Zones dependent on thestreamflow patterns in dry and normal year- types

resources of the Sacramento River include theby allowing a late-winter or early-spring flow
Sacramento-San Joaquin Delta Ecologicalevent of approximately 8,000 to 10,000 cfs in dry
Management Zone and the Suisun Marsh/Sanyears and 15,000 to 20,000 cfs in below normal

Francisco Bay Ecological Management Zone.water-years to occur below Keswick Dam (..).

These zones, in turn, provide essential foodweb
prey species and critical rearing habitat forPROGRAMMATIC ACTION 1A: Provide aflow
outmigrating anadromous fish that spawn in theevent by supplementing normal operating flows

Sacramento River and its major tributaries, from Shasta and Keswick Dams in March during
years when no flow event has occurred during
winter or is expected to occur. Flow events wouldAdditionally,stressorsimportantto fish and

wildlife species using the Sacramento Riverbe provided only when sufficient ihflow to Lake

during at least part of their life cycle occur outsideShasta is available to sustain the prescribed
releases. This action can be refined by evaluatingtheidentifiedEcologicalManagementZones.For

example, ocean recreational and commercialits indirect costs and the overall effectiveness of

salmon fisheries remove a large portion of theachieving objectives.

potential spawning adults from the population
each year. New harvest management strategies forTARGET :2: Maintain base flows of 6,000 to
the ocean fisheries will be needed to augment8,000 cfs during fall (,).

improvement to inland ecological processes and
functions that maintain key habitats for salmon.PROGPJ~MMATIC ACTION 2A: Provide flow

Water quality of agricultural tailwater throughoutreleases from Shasta Lake and Keswick Dam

the Colusa Basin that reenters the Sacramentowhen necessary to provide the target base flows.

River at Knights Landing or Prospect SloughReleases would be made only when inflows equal

(Yolo Bypass) affects the health and survival ofor exceed prescribed releases.

juvenile fish and prey species in the river,
depending on the temperature, toxicity level,RArtONAL£: Increasing releases from Shasta

dilution ratios, and contaminant concentrationsReservoir are the only means of maintaining base

and presence of loadings, flows in the upper river. Late-winter or early-
spring flow events of sufficient magnitude attract
and sustain adult salmon, steelhead, sturgeon, and
American shad; improve transport of juvenile fish
downstream; sustain riparian habitat; and sustain
gravel recruitment, transport, and cleansing
processes. The target flows are consistent with
historic and unimpaired flows for the Sacramento
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River in dry and normal years. These flows may Maintaining natural base flows will help promote
not occur in some years under the present level of natural channel forming, riparian vegetation, and
project development and operation. Implementing foodweb functions. Base flows also serve to attract
the target level of the flow event must necessarily steelhead and fall-run and late-fall-run chinook
be on a conservative basis because of the potential salmon. Unimpaired base flows in fall are
cost to water supply. The fallflowpattern needs approximately 4, 000 cfs to 6, 000 cfs in dry years,
to be carefully evaluated to ensure protection for and up to 8, 000 cfs in wetter years. Natural base
incubating chinook salmon eggs. The chinook flows are prescribed only for fall, because, under
salmon that spawn in the fall have eggs in the present project operation, flows in excess of
river that incubate into the winter season. 10,000 cfs are maintained in summer for
Incubating eggs can be severely damaged when irrigation and to lower water temperatures for
wintertime releases from Keswick Dam are winter-runsalmon.
dropped below the fall release levels. Other
concerns include maintaining high base flows CO/M~SE SEDII~I~=NT SUPPLY
during the fall would cause temperature control
problems in the following year under conditions of TAaGET 1 : Increase gravel recruitment in the
low carryover storage in Shasta Reservoir or low upper Sacramento River between Keswick Dam
inter inflow conditions. The fallflow needs to and the RBDD by 10,000 to 20,000 cubic yards
consider the need for carryover storage to provide annually to provide adequate spawning habitat for
temperature control in the following year. targeted levels of salmon and steelhead and to

sustain stream meander processes below Red
If a flow event of equal or greater magnitude has Bluff. (This is the estimated amount of spawning-
not occurred between Keswick Dam and RedBluff sized gravel captured annually by Shasta Dam.)
by March, then supplementing base flows or (.~)
augmenting small natural releases or reservoir
spills with additional reservoir releases is the only PROGPaad~/IIVI/~,TIC ACTION 1 A: Develop a
means toprovideflowevents. Such releases wouM cooperative program to stockpile gravel at
be used only if there is an equivalent or greater strategic locations along the Sacramento River
inflow to Lake Shasta. March is the logical month below Keswick Dam where riverflow will move
to provide such flows, because it is the month gravel into the river channel to mimic natural
when "natural "flow events occurred historically gravel recruitment into the upper river. Determine
in dry and below normal years, and because the adequacy of this action and adjust amount and
opportunities for such flow to occur "naturally" locations as necessary.
as a function of normal project operation wouM
have been exhausted by then. Water forecasts of PROGRAMMATIC ACTION 1 B: Develop a
the water-year type (critically dry, dry, below cooperative program to reactivate gravel
normal, above normal, or wet) are available by recruitment to the river by exposing existing
February and March. The flow event in March sources of river gravel on islands, bars, and banks
would be expected to proceed unimpaired that have become armored to riverflows. This
downstream to the Delta, because few or no action should be implemented on a conservative
diversions from the Sacramento River occur basis, because the availability of such inchannel
during March. (Note that additional flow events gravel, costs of activating the gravel, indirect
are prescribed for the Feather River in March, impacts, and potential effectiveness have not been
which will further enhance Sacramento River determined.

flows below its confluence with the Feather River.)
A Marchflow event could also help satisfy Delta RAT/ONAL£=; Replenishing gravel supplies to a
outflow requirements, level sufficient to support target populations of
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|
salmon and steelhead will help to improve The characteristic three-dimensional shape of a ¯
populations to desirable levels and to maintain river described above    (its ’fluvial
such levels once achieved. Replenishing gravels to geomorphology" or landforms created by flowing ¯
maintain channel-forming processes and stream water) is indicative of a river that is in dynamic
meanders in the upper Sacramento River will help balance with the interaction of its flood regime,
to maintain fish and wildlife habitats, aquatic sediment supply, vegetationpatterns, climate, and ¯
algae and invertebrateproduction, and streamside valley slope. Rivers with a natural shape and
vegetation (California Department of Water hydrologic condition generally support the most
Resources 1980). A predevelopment level of diverse mixture of habitats and fish and wildlife ¯
gravel recruitment should be adequate to restore species and are the most resilient to natural or
the natural ecological processes supported by human disturbance.
gravel recruitment, but may require ¯
experimenting, monitoring, and experience to STREAM [VIEANDEFt
determine the exact amount of gravel supplies
necessary to meet the objective. Implementation of TARGET 1 : Preserve and improve the existing ¯
gravel supplementation projects above RBDD will stream meander belt in the Sacramento River
be subject to adaptive management, with elements between Red Bluff and Chico Landing by
that include focused research on sediment purchase in fee or through easements of 8,000 to ¯
transport processes, and monitoring of gravel 12,000 acres of riparian lands in the meander zone
quality and quantity. Sediment supplementation (,~).
programs need to be integrated with downstream ¯
channel forming processes, which will be subject PROGRAMMATIC ACTION 1A: Develop a |
to adaptive management, as well as to a different cooperative program to evaluate the feasibility of
set of indicators, monitoring, and focused removing riprap from banks to the extent possible, ¯
research, consistent with flood management requirements, |

and reduce effects of other structures, such as
On the river side of natural levees in alluvial bridges, to provide a sustainable meander corridor.
valleys, fluvial processes typically create dynamic Iriver meander patterns, including oxbow lakes PROGRAMMATIC ACTION 1 B: Purchase
from bend cutoffs, secondary channels that carry easements to offset losses to property owners for
flow only during high stage, and nonvegetated land lost to meander process.
point bars where new deposits of sand and gravel
collect in low-energy zones of inside bends and TARGET 2: Preserve and improve the existing
bendway crossovers (riffles). In cross section, stream meander belt in the Sacramento River 1
n6tural alluvialstreams are typically terraced and between Chico Landing and Colusa by purchase
asymmetrical, with steep banks on eroding outside in fee or through easements of 8,000 to 12,000
bends, low-angle banks on inside bends, and acres of riparian lands in the meander zone 1
several nearly horizontal surfaces corresponding ( ~ ).
to river floodplain elevations of various magnitude
and frequency. If a river has incised (i.e., eroded PROGRAMMATIC ACTION 2A: Develop a I
down below the original channelbed surface) as a cooperative program to evaluate the feasibility of
result of natural or human-induced factors, the removing riprap from banks to the extent possible,
abandoned upper floodplain may become a consistent with flood control management, and
"terrace" (former floodplain) where riparian reduce effects of other structures, such as bridges,

forest may then convert to valley oak woodlands to provide a sustainable meander corridor.
or grassland-oak savannah.
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PROGRAMIVIATIC ACTION 2B-" Purchase RATIONALE: Floodplain inundation is the
easements to offset losses to property owners for seasonalflooding of floodplain habitats, including
land lost to meander process, riparian and riverine aquatic habitats. Flooding

of these lands provides important seasonal habitat
RATIONALE: Preserving and improving the for fish and wildlife and provides sediment and
stream meander belt below Red Bluff will ensure nutrients to both the flooded lands and aquatic
that this important naturalprocess is maintained habitats that receive the returning or abating
in the Sacramento River. This reach is important floodwater. The flooding also shapes the plant and

for spawning and rearing salmon and steelhead, animal communities in the riparian, wetland, and
A natural meander process will provide near- upland areas subject to flooding. Floodplain
optimal habitat for spawning (through gravel flooding is a secondary ecosystem process related
recruitment), rearing (channel configuration, to water and sediment flow through the
cover, and foodweb), and migration. There is Sacramento-San Joaquin basin and their
limitedpotential natural channel above Red Bluff. landforms. Opportunities to restore or enhance
Below Chico Landing, flood control levees limit this process are possible by changing landscape
the potential of restoring the natural meander of features, landforms, and seasonal distribution of
that reach. Overall, the program must be flow volume through the system.
consistent with flood control requirements and in
the longer-term, should reduce need for future Channelizing and shortening rivers; removing
flood control efforts by using natural system instream vegetation and gravel; and creating
resilience and flood control characteristics, symmetrical, trapezoidal channels sandwiched

between narrow, steep-sided levees diminish the
During the selection process and during natural tendency of alluvial rivers to form
implementation, additional benefits will accrue by characteristic compound dimensions and patterns.
looking for land within or adjacent to the meander A channelized river may be relatively stable if the
belt which support special status species and to potential for major flood events has been
include these areas whenever available in the eliminated, sediment input is minimal, vegetation
acquisition. Some species to not naturally grow along banks,the beconsidered does the andthe
include the valley elderberry longhorn beetle, channelbed is incapable of incising. The absence
bank swallow, western yellow-billed cuckoo, and of river floodplains and adequate meander width

snake, for bar and riflTe formation within levee-confinedgiant garter
channels prevents or depresses the formation of

NATUR/~L FLOODPLAIN AND natural river morphology that is the structural
framework for riverine and estuarine fish andFLOOD PROCESSES
wildlife habitats. Stabilizing artificial banks with

TARGET 1 : Increase and maintain floodplains in rock riprap and clearing vegetation further
conjunction with stream meander corridor degrades habitatanddiminishesnaturalchannel-

restoration (~). forming processes.

PROGR/kMM/kTIC ACTION 1 A: Develop and An important exception here is the existence of the
implement a cooperative program, consistent with Sacramento River basin overflow system: the
flood control requirements, to evaluate the Butte basin and Sutter and Yolo Bypasses.
feasibility of altering river channel configurations Although considerably smaller than their original
in leveed reaches of the Sacramento River to extent, these three floodplains move and detain

increase the areal extent of floodplains inundated floodwaters in volumes and patterns similar to

during high flow periods, those of presettlement flow, while reducing the
risk of overtopping levees near populated areas.
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At flood peak, there is approximately five times of depths and temperatures. With this device,
more flow in the Sacramento River bypass warm water couldbe withdrawn from the upper
floodplain system than in the main river channel lake levels when needed, while conserving the
it drains. However, the floodplain bypass system deeper, cold water for release when it would most
does not exist in the largest historic flood basin of benefit chinook salmon. Operation criteria for
the Sacramento River, the Colusa basin, which is temperature criteria needs to include temperature
disconnected by levees from the river, Also, the requirements of steelhead trout which spawn in
lowest areas of the Sutter basin are outside of the the late-winter/early spring. Controlling
levees and the Sutter Bypass traverses slightly temperatures solely for chinook salmon would
higher ground on a portion of the historical basin have serious impacts to naturally spawning
floodplain, steelhead. Operating the temperature control

device allows Reclamation greater effectiveness
CENTRAL VALLEY STREAM and flexibility in temperature control operations

TEMPERATURES while maintaining hydroelectric power
generation. The temperature control device also

TARGtrT 1 : Maintain mean daily water provides a secondary benefit to anadromousfish

temperatures at levels suitable for maintaining all by controlling turbidity. Because the temperature
life-history stages of chinook salmon and control device is installed and operational,

steelhead in the Sacramento River between operations and carryover storage requirements
Keswick Dam and RBDD in above normal and must be reassessed and new criteria established to
wet years, and between Keswick Dam and RBDD optimize attainment of water temperature
in other year types (~.). objectives.

PROGRAMMATIC ACTION 1A: Cooperatively In the long term, Sacramento River water

develop and implement a balanced river regulation temperatures can be moderated by restoring a
program that provides sufficient carryover storage healthy riparian forest. Implicit in restoring an
at Shasta Dam to ensure that suitably low water extensive riparian forest is a need to reconnect the
temperatures are reached to protect chinook river with its floodplain to promote natural
salmon and steelhead spawning, incubating eggs, riparian succession.
and young fish, particularly in consecutive dry and
critically dry years. HABITATS

RATIONALE." The temperature objective for the RIPARIAN AND RIVERINE AQUATIC
upper Sacramento River is less than or equal to HABITATS
56°F from Keswick Dam to RBDD for operation of
CVP in the State Water Resources Control TARGET 1 : Provide conditions for riparian
Board’s (SWRCB ’s) Order 90-5. However, these vegetation growth along channelized portions of
criteria cannot be met consistently, and other the Sacramento River (~).
structural facilities and operation measures are
needed. These facilitiesand operational measures PROGRAMMATIC ACTION 1 A: Develop a
must be developed and implemented to enable the cooperative program to plant vegetation on
long-term attainment of the SWRCB-required unvegetated, riprapped banks consistent with
temperature criteria, flood control requirements. Implementation will

occur in phases, results will be monitored and
A temperature control or "shutter device "’ has restoration approach will be adjusted as necessary
been installed to permit the selective withdrawal under adaptive management.
of water from Shasta Reservoir over a wide range
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PROGRAMMATIC ACTION 1 B’- Setback levees results of experiments and would be subject to
may be constructed on leveed reaches of the riveradaptive management.

I to provide a wider floodplain and greater
development of SRA habitat. Because of the17~aTION, ad.E: Riprapped banks in the leveed
potential indirect impacts on land use andsection of the river below Chico Landing

I uncertainty of cost and technical feasibility ofdownstream to Sacramento are the greatest cause
setback levees, such development will beof SRA fragmentation. Restoring vegetationwill
experimental and conservative, and will depend onbenefit juvenile salmon rearing by providing cover

I adaptive management, and food, spawning substratefor otherfish, such
as Sacramento splittaiI, and refuge for juvenile

PROGRAMMATIC ACTION 1 C-" Cooperatively fish during periods of high water. Improving low-

I develop and implement a study to determineto moderate-quality SRA habitat will benefit
appropriate conditions for the germination andjuvenile salmon and steelhead by providing
establishment of riparian woody plants along theimproved shade, cover, and food Wildlife will

I river, also benefit from improved habitat. Protecting and
improving existing SRA habitat may involve

TARGET 2: Increase the ecological value of low-changes in land use. Limited available funds may

I to moderate-quality SRA habitat by changing landrequire that priorities be set, with high-priority,
use and land management practices (,,I~). low-cost sites developed initially. For sites where

consensus exists, immediate experimental action

I PROGRAMMATIC ACTION 2A; Purchase can be taken. Because of the importance and
property or easements and allow habitat tolimited distribution and abundance of SRA
improve naturally. Properties to be consideredhabitat, all existing quality habitat should be

i should be developed through a prioritizing processprotected
that considers habitat quality and importance,
technical feasibility and cost of purchase andIn developing this element of the restoration plan,
improvement, and consent of landowners, it is important not to develop just a very long,I narrow of riparian vegetation. Althoughband it
PROGRAMMATIC ACTION 2B: Provide needs further development, a "string-of-pearls"
incentives and technical support for privateapproach should be considered In this concept

I landowners to and improve existing SRA the long, narrow band of riparian vegetationprotect
habitat, would be interspersed with larger patches of

riparian vegetation. This concept would mesh well

I TARGET 3: Maintain existing streamside riparian with nodes of setback levees to provide a minimal
vegetation (,~). floodplain, seasonal floodplain inundation, and

natural or supplemented riparian revegetation. "

i PROGRAMMATIC ACTION 3A: Through
purchase, conservation easement, and voluntaryFRESHWATER FISH HABITAT AND
participation of landowners, protect SRA habitat ESSENTIAL FISH HABITAT

I from development. Where high-priority properties
are already in government ownership or availableTAaGLrr "1 -" Maintain and improve existing
for purchase or easement, preservation effortsfreshwater fish habitat and essential fish habitat

i should be undertaken as experiments to developthrough the integration of actions described for
technical details, cost-effectiveness, and overallecological processes, habitats, and stressor
approach and consensus for the program. Fullreduction or elimination.

i implementation of this program would depend on
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PROGRAMMATIC ACTIONS: No additional significant numbers. Even with screens, some
programmatic actions are recommended, diversions may pose a threat to young salmon and

steelhead, and it may be necessary to modify
icbarlONAt.E: Freshwater fish habitat and operations of the diversion. Such determinations
essential fish habitat are evaluated in terms of will be made after necessary monitoring and
their quality and quantity. Actions described for evaluation, and on a case-by-case basis. Decisions
ecological processes, stressor reduction, and will be made with agency and stakeholder
riparian and riverine aquatic habitat should involvement and with consideration given to
suffice to maintain and restore freshwater fish appropriate alternatives.
habitat and essential fish habitat. For example,
maintaining freshwater and essentialfish habitats PROGI~,a~a~a.TIC ACTION "1 D: Promote and
is governed by actions to maintain streamflow, support relocating water diversions and
improve coarse sediment supplies, maintain developing alternate methods of supplying water
stream meander, maintain or restore connectivity from the Sacramento River that protect fish but
of the Sacramento River and its floodplain, and in also minimize conflict with maintaining dynamic
maintaining and restoring riparian and riverine fluvial processes.
aquatic habitats.

t~a TION~.E:    Juvenile chinook salmon,

REDUCING OR ELIMINATING steelhead, green and white sturgeon, Sacramento

STRESSORS
splittail, and American shad are lost at water
diversion sites all along the Sacramento River
during the spring-to-fall irrigation season. (Note

~/ATER DI7EFI$1ON$ that diversion losses include direct loss into

TARGET ’! : Reduce entrainment of juvenile
unscreened diversions and other losses associated
with the screened and unscreened intake facilitie~

salmon, steelhead, sturgeon, and splittail into such as from predators, including squawfishand
water diversions to levels that will not impair striped bass.) Reducing entrainment losses to
stock rebuilding or species restoration (,~). minimal levels is a reasonable target for the short

term, given the existingpoor health of many of the
PaoG~MATIC ACTION 1A: Develop a fish populations that use the Sacramento River
cooperative program to screen all diversions and its tributaries for spawning and rearing of
greater than 250 cfs and one- to two-thirds of all young. Emphasis should be on the upper river
smaller unscreened diversions. This programmatic above Chico Landing, because this is the reach
level of action should be sufficient to provide the where winter-run chinook young rearing
data necessary to modify this target through coincides with thespring-to-fallirrigationseason.
adaptive management.

Determining which diversions need to be screened
PaoGP, AMMATIC ACTION 1B: Develop a will be based on appropriate monitoring and
cooperative program to upgrade screening at evaluation, with decisions made with agency and
diversions with ineffective screening. Where stakeholder involvement, and with consideration
existing screening has proven less than effective given to appropriate alternatives. Actions will be
and entrainment problems continue, immediate taken on a case-by-case basis, with consideration
action should be taken to upgrade screens, given to results of pilot experiments to determine

technical feasibility and cost-effectiveness of
PROG~MATIC ACTION ’1C: Develop a screening diversions of different size, type, and
cooperative program to reduce diversions when location. Priority will be given to screening
and where juvenile salmon are present in large or diversions that pose the most threat and where
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I screening has been determined to be bffective, portion of the run migrating upstream after May
Emphasis should be given to projects that include 15 is likely to be delayed or blocked from passing

I the consolidation of several diversion points to a the dam.
single location.

Adults that are obstructed from passing the dam

I In application, priority for screening diversions are forced to spawn downstream where
will be based on several criteria including but not temperature conditions are typically unsuitable
limited to the geographical location, the volume of during the spawning and incubation period

I water diverted, the location of the intake in the Temperatures of 56 °F usually cannot be
water column, and the cost effectiveness of the maintained below RBDD without severely
installation. Alternatives to screening will be depleting Shasta carryover storage during the
considered. When a fish screen is installed, it winter-run chinook incubation period; eggs and
should be tested to determine that it can perform larvae usually have 100% mortality.
to the criteria of the fish regulatory agencies.

I After testing has indicated that the screen meets Adults that must make repeated attempts to pass
the criteria, monitoring should be conducted to the dam, but eventually are successful, undergo
ensure that the screen can meet the criteria under physiological stress that may contribute to their

i the range ofhydrologic conditions expected at the reduced fecundity. Because migration of these
site. When operation monitoring indicates that adults is delayed, the fish are likely to spawn
everything is working satisfactorily, the diverter farther downstream where suitable temperatures

I shouMroutinely inspect the screen to ensure that for spawning and incubation may not be
the facility is undamaged, attainable.

DAMS AND OTHER STRUCTURES Adult chinook salmon must negotiate fish laddersI at the ACID dam during the irrigation season
TARGET 1 : Minimize survival problems for adult (typically April through November) to reach
and juvenile anadromous fish at RBDD by upstream spawning habitat. However, anI the the antiquatedladder on the east abutment of the dampermanentlyraising gates during non-
irrigation season and improving passage facilities is ineffective in providing safe passage, and a
during theirrigationseason (~,~). recently installed denil ladder on the west

I abutment has proved only marginally successful.
PROGRAMMATIC ACTION 1A: Upgrade fish The ladders at this facility do not provide suitable
passage facilities at the RBDD. flows to attract adults, and the ladders are not

I easily adjustable to compensate for varyingflow
TARGET 2: Reduce blockage to fish migrations conditions. A feasibility study is being conducted
at the ACID dam (~). by the ACID to identify, develop, and evaluate

alternatives to resolve adultpassage problems.
PROGRAMMATIC ACTION 2A: Upgrade fish
passage facilities at the ACID dam. LEVEES, BRIDGES, AND BANK

! PROTECTION
RATIONALE: At present, the RBDD gates are in
the raised position from September 15 through TARGET 1 : Construct setback levees along

I May 14, allowing free passage to about 85% of leveed reaches of the river as part of the stream
the spawning run (based on average run timing meander corridor (,~).
from 1982-1986). This may have reduced the

I number of redds (spawning nests created by PROGRAMMATIC ACTION 1A: Develop a
salmon) being built below the dam. The remaining cooperative program, consistent with flood control
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requirements, to evaluate potential sites forcases, the removalofinvasiveplantswillrequire
establishing setback levees along leveed reachesthe replanting of native vegetation to maintain
of the Sacramento River. adequate levels of herbaceous cover, canopy

closure, habitat structure, and to limit exotic
RATIONAl.E: Levees, bridges, and bank recolonization.
protection structures inhibit overland flow and
erosion and depositional processes that develop PREDATION AND COMPETITION
and maintain floodplains and allow stream
channels to meander. Levees prevent flood flows TARGET 1 : Reduce the. adverse effects of
from entering historic floodplains behind levees, predatory fish by identifying and eliminating
stopping evolution of floodplain habitats human made in-stream structures or operational
dependent on overbank flows. Confinement of conditions that allow unnatural predation rates
flood flows to channels by levees and bank (.~).
protection structures also increases the fluvial
energy of flows that scour or incise channel beds PROGRAMMATIC ACTION 1 A: Selectively
andreduces or haltstherate ofchannelmigration evaluate areas and make physical changes to
and oxbow formation, structures in the Sacramento River, such as bridge

abutments, diversion dams, rip-rap banks, and
| NVASlVE RIPARIAN water intakes, that currently may attract predators
AND MARSH PLANTS and provide them with additional advantages in

preying on juvenile salmon and steelhead. Pilot
TARGET 1 -" Reduce the area of invasive non- studies and evaluations are needed to determine
native woody species, such as giant reed (i.e.,the types of changes required and the potential
Arundo or false bamboo) and salt cedardegree of implementation.
(Tamarisk), that compete with native riparian
vegetation (~,I~). P,A T/ONAL£: Upgradingfish passage facilities at

the two diversion dams will reduce delays to
PROGRAMMATIC ACTION 1A: Implement a upstream migrating winter-run chinook salmon
program along the length of the Sacramento Riverand hindrance of downstream migrating juvenile
to remove and suppress the spread of invasivewinter-run chinook salmon. This will contribute
non-native plants that compete with native riparianto a reduction in predation rates on young fish.
vegetation.

During operation of RBDD, juvenile chinook are
PROGRAMMATIC ACTION 2B: Implement a adversely affected while approaching the dam,
program eliminates invasive woody plants thatpassing the dam, and moving downstream of the
could interfere with the restoration of nativedam. As juveniles migrate toward the dam, they

experience increased predation in Lake Red Bluffriparianvegetation.
from predatory fish and birds. Juveniles passing

RATIONALE." Invasive non-native plants have under the lowered dam gates become disoriented
altered ecosystem processes, functions, and because of high water velocities and turbulence,
habitats through a combination of changes such and are subject to heavypredation downstream by
as those to the foodweb and those of competition squawfish and striped bass. Juveniles bypassed
for nutrients, light, and space. The prescribed around the dam through the Tehama-Colusa fish
actions are primarily to improve habitat for many bypass system may have improved survival rates
fish and wildlife species and to support foodweb because of new facilities and positive-barrier fish
functions by establishing extensive riparian screens, but complete evaluations are needed
habitat along the Sacramento River. In most
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To help protect winter-run chinook from predation best management practices(BMPs) for
and other losses associated with passage at stormwater and erosion control.
RBDD, the dam gates have been raised for
varying durations since the end of 1986. Juvenile PROGRAMMATIC ACTION 1 D: Develop a
chinook suffer mortality in passing the dam from cooperative program to assess and monitor
squawfish and striped bass predation and contaminant input from agricultural drainages in
disorientation or injury when passing beneath the the Sacramento River watershed.
dam gates or through the fish bypass system.
Under the present schedule of gate operations, RollTIONALE." Note: Actions proposed here to
about 26% of the juvenile outmigrants must pass reduce the adverse effects of contaminants in the
the dam when the gates are lowered and are Bay-Delta system will be coordinated with
susceptible to mortality associated with that recommendations and actions developed by the
passage. In a 1988 study, juvenile hatchery CALFED Water Quality CommonProgram.
salmon were released above and below the dam to
estimate total mortality during dam passage. In The drainage from inactive mines on the IM_M
all, 16% to 55% fewer fish were recaptured from Superfund site represents the largest source of
the releases made above dam than those made pollutant discharge to the Sacramento River. This
below, USFWS determined predation, primarily discharge is at least equal to all the combined
by squawfish, as the major cause of mortality to industrial and municipal discharges of dissolved
juvenile salmon migratingpast the dam, whereas metals to the San Francisco Bay and estuary
the number of deaths from physical injury system. This mine water is among the most acidic
receivedwhilepassing under the dam were minor, in the worm and contains extremely elevated

concentrations of copper, zinc, cadmium, and
CONTAMINANTS other metals known to be toxic to fish and wildlif~

On occasion, fish deaths (including salmon) may
TARGET 1 : Reduce losses of fish and wildlife have occurred as toxicity levels have been
resulting from pesticide, hydrocarbon, heavy exceeded and documented in the upper
metal, and other pollutants in the Sacramento Sacramento Riveras a resultoflMMwaste. More
River(.~). frequently, there are documented instances of

metal concentrations that exceed toxic levels
PROGRAMMATIC ACTION 1/~,." Develop. a considered safe for early life stages of salmon.
cooperative program to remedy heavy metal
pollution from IMM to meet basin plan standards, The wastes from 1M_l~, located in the Spring Creek
and reliable and remedies that watershed, collected in the Creekimplement proven are Spring
ensure continued treatment and control of heavy Reservoir and metered out into the releases of
metal waste before water is discharged to the clean water from Shasta and Whiskeytown
Sacramento River. Reservoirs to achieve the best water quality

possible. However, because of the extremely large
PROGRAMMATIC ACTION "1 =a: Develop a waste load (averaging more than I ton of copper
cooperative to eliminate scouring of and zinc per day), it has not always been possibleprogram
toxic, metal-laden sediments in the Spring Creek to consistently attain the water quality objectives
and Keswick Reservoirs. for copper, cadmium, and zinc in the basin plan,

and interim criteria have been established until
PROGRAMMATIC ACTION lC: Control pollution control is completed Highly toxic
contaminant input to the Sacramento River system conditions are exacerbated when heavy winter
by constructing and operating stormwater rains induce uncontrolled spills from Spring
treatment facilities and implementing industrial Creek Reservoir, and flows from Shasta and
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Whiskeytown Reservoirs are not made available Sediments constitute nearly half of the materials
for dilution because of other CVP constraints, introduced into rivers from nonpoint sources, such

as plowed fields, construction and logging sites,
Within the lower portion of the IMM site, and mined land, and are mainly generated during
remediation must be developed for the metal storm events. Stormwater runoff in urban and
sludge deposits in Spring Creek Reservoir and in developing areas is another major source of
Keswick Reservoir adjacent and downstream of sediments and contaminants. Sedimentation from
the Spring Creek power plant tailrace, nonpoint sources shouM be reduced by
Preliminary monitoring in the Keswick Reservoir implementing BMPs for urban and nonurban
has documented that the sludge is highly toxic and pollution, and implementing appropriate
that the deposits are extensive and up to 15feet treatment and technological options that reduce
thick. Under certain conditions, flows from the pollutant loads.
Spring Creek power plant can mobilize large
quantities of the sludge into the river, creating an An assessment of water quality and impacts from
acute toxicity risk to aquatic species. The sludge various other agricultural drainages to the
deposits can also contribute to chronic toxicity Sacramento River is needed. Results from these
when combined with other sources, evaluation programs should generate recommen-

dations for corrective actions. Top priority should
Major sources of pollution include industries, be given to the Sutter Bypass, which receives
municipalities, and agriculture, which discharge drainwater from rice growing areas and has
such contaminants as herbicides, pesticides, outflows equivalent to those from the Colusa
organic compounds, inorganic compounds, and Basin drain. Assessments should also be
warm water. Pollution is described as originating conducted on Butte Slough, Reclamation District
from point sources, such as discharge pipes or 108, and Jack Slough.
other localized sources, or from nonpoint sources,
which are dispersed. Individual sources of I’i/~IVEST OF FISH/~iD WILDLIFE
nonpoint pollution may be insignificant, but the
cumulative effects can be significant and can TARG~I" 1 : Reduce illegal harvest offish species
contribute high levels of pathogens, suspended to a minimum to maintain or increase populations
solids, and toxins. Major contributors ofnonpoint- by increasing enforcement efforts by 50 to 100%
source pollution to the Sacramento River, (~.~).
Sacramento-San Joaquin Delta, and San
Francisco Bay include sediment discharge, OROGr~,MMATtC ACTION "IA: Increase
stormwater and erosion, and agricultural enforcement efforts.
drainage. Mandatory performance standards are
needed for these sources, with flexibility granted OaOGt~a~M~,T~C Ae’no~ 1 ~: Develop a
to landowners to adopt whatever management cooperative program to educate the public on the
practices are best suited for local conditions, threats to populations from illegal harvest. Various

actions include ad campaigns, signs along streams,
A primary point source of pollution is from and various types of ou~each programs to
municipal treatment plants, which release heavy schools, watershed conservancies, and groups.
metal contaminants, thermal pollution, pathogens,
suspended solids, and other constituents. PROGFI/~dI~.TlC ACTION 1 C: Provide
Implementing enhanced treatment, pretreatment additional funding for the poaching hotline and
programs, and tertiary treatment should help to rewards for arrest and convictions of poachers.
reduce contaminant input.
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TARGET :2: Manage the legal harvest of chinook PROGRAMMATIC ACTION 1A: Develop a
salmon, steelhead, and sturgeon by shiftingcooperative program to evaluate the costs and
harvest from natural stocks to hatchery-rearedbenefits of limiting stocking of hatchery-reared
stocks, where possible, or reducing harvest of wildsalmon and steelhead in the upper Sacramento
stocks until the naturally produced populationsRiver. Stocking may be reduced in years when
recover (~,,). natural production is high in selected populations.

PROGRAMMATIC ACTION 2A: Develop a TARGET 2: Limit hatchery stocking to
cooperative program to mark all hatchery salmon,populations that cannot be sustained through
allowing selective harvest of hatchery fish, wbilenatural production (,~).
limiting harvest of wild fish. This action should be
implemented on a short-term and experimentalPROGRAMMATIC ACTION ~a,: Augment
basis to ensure that it meets its objective and iswinter-run, spring-run, and late-fall-run chinook
cost-effective, salmon and steelhead with hatchery-produced

smolts during the short-term rebuilding phase of
PROGRAMMATIC ACTION 2B: Encourage restoration efforts and only when altemative
regulatory agencies to change fishing regulationsmeasures are deemed insufficient to provide
(i.e., by restricting seasons, limits, and gear andrecovery of the populations. Stocking of hatchery-
reducing harvest of wild fish) to further reducereared fish will be undertaken as experiments and
legal harvest and any ancillary effects of fishingadjusted or terminated as necessary, depending on
gear or techniques. Restrictions should be severeresults.
in the short term. Long-term restrictions would
depend on response of populations and effec-TARG~:T 3: Employ methods to limit straying
tiveness of restrictions and the degree ofand lossofgeneticintegrityofwildandhatchery
effectiveness of the action, supported stocks (~,~,).

R~TtOtttAL£." Some populations of salmon and PROGRAMM,~TIC ACTION 3A: Rear salmon
steelhead in the Sacramento River at such and steelhead in hatcheries natal streams toare on

depressed levels that drastic reductions in any limit straying. If hatchery augmentation of
factors that contribute to mortality are necessary. Sacramento River populations of salmon and
Harvest policies have been steelhead is then hatcheries should bemanagement necessary,
established by state and federal agencies to built on the Sacramento River for that purpose.
minimize mortality on natural chinook stocks,
including severe harvest restrictions and size PROGRAMMATIC ACTION 3B: Limit stocking
limits, lllegalharvest is known to occur along the of salmon and steelhead fry and smolts to natal
Sacramento River. This target will be subject to watersheds to minimize straying that may
adaptive management. Mass marking of hatchery compromise the genetic integrity of naturally
steelhead began in 1997 and it should be producing populations.
continued

TARGET 4: Minimize further threats of hatchery
ARTIFICIAL FISH PROPAGATION fish contaminating wild stocks of salmon and

steelhead (~).
TARGET 1: Minimize the likelihood that
hatchery-reared salmon and steelhead in the upperPROGRAMMATIC ACTION 4A: Where hatchery
Sacramento River will stray into non-natal streamsproduction is underway and continues, methods
to protect naturallyproduced salmon and should be adopted and improved for the selection
steelhead (~,).
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of an appropriate cross section of the adultpopulation without additional hatchery
population for spawning at the hatchery, production.

PROGR.&MMATIC ACTION 4B: Select Release of hatchery-reared fish into the upper
spawning adults of appropriate genetic makeup toSacramento River and its tributaries could lead to
minimize genetic contamination of existinga loss of the genetic integrity of wild salmon and
hatchery and naturally producing stocks of salmonsteelheadpopulations. Adults straying into non-
and steelhead. Given the present difficulty ofnatal streams may interbreed with a wild
determining genetic makeup of spawning adultspopulation specifically adapted to that watershed,
selected for hatcheries, this action will necessarilypossibly leading to the,loss of genetic integrity in
be experimental. Hatchery-reared adults may bethe wild population. Although some irreversible
preferentially selected or not selected if they arecontamination has occurred in salmon and
adequately marked or tagged, or have othersteelheadpopulations, measures are necessary to
identifiable feature. Other methods may beminimize further deterioration of contaminated
developed to genetically categorize naturallypopulations and to protectpopulations that are
produced or hatchery fish. not contaminated

RATIONALE." In watersheds such as the Recent returns to CNFH of fall-run chinook
Sacramento River, where dams and habitat salmon seem to indicate that the hatchery is
degradation have limited natural spawning, some heavily supporting the entire fall-run population,
hatchery supplementation may be necessary to particularly in Battle Creek, all of which probably
sustain fishery harvest at former levels and to originated from CNFH. A recent estimate for the
maintain a wild or natural spawningpopulation rest of the Sacramento River above RBDD,
during adverse conditions, such as droughts, excluding Battle Creek, was only 40,000 fish,
However, hatchery augmentation should be which may also have been heavily supported by
limited in extent and to levels that do not inhibit CNFtIproduction.
recovery and maintenance of wild populations.
Hatchery-reared salmon and steelhead may Some stocking of hatchery-reared fish may be
directly compete with and prey on wild salmon necessary in the short term to rebuild naturally
and steelhead Straying of adult hatchery fish into spawning populations," however, there is a lack of
non-natal watersheds may also threaten the consensus among agencies and stakeholders as to
genetics of wild stocks. Hatchery fish may also the degree of stocking that is detrimental or
threaten the genetic makeup of stocks in natal necessary to sustain sport and commercial
rivers. Some general scientific information and fisheries. This action will necessarily be short
theory from studies of other river systems indicate term and experimental with subsequent efforts
that hatchery supplementation may limit recovery dependent on results and effectiveness.
and long-term maintenance of naturally producing
populations of salmon and steelhead. Further Additionally, the relationship of the resident
research and experimentation are necessary to rainbow trout of the mainstem Sacramento River
determine the degree to which this issue is below Keswick (a.lca, "river trout") with hatchery
addressed Long-term hatchery augmentation of and naturally spawning steelhead populations
healthy wild stocks may genetically undermine should be investigated There is a substantial
that stock and threaten the genetic integrity of number of large, steelhead-sized resident rainbow
other stocks. Spawning and rearing habitats are trout in the upper Sacramento River, and it is
limited, and adverse conditions may occur in unknown if these fish comprise a discreet
drought or flood years that would undermine the population, are a component of the

steelhead/rainbow trout population, or an artifact
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I ofartificialproduction. The large number of non- California Department of Fish and Game. 1996.
migratory rainbow trout may be a result of Steelhead restoration and management plan

i ecological conditions that exist in the tailwater for California. Department of Fish and Game.
reaches below dams, and this needs to be February. 234 p.
investigated

I California Department of Water Resources. 1980.

STRANDING Upper Sacramento River spawning gravel
study. Department of Water Resources,

I TARGET 1 : Eliminate the straying, stranding, and Northern District. December. 157 p
loss of adult chinook salmon and other species
along the Sacramento River. Hallock. R.J. 1987. Sacramento River system

salmon and steelhead problems and

PROGRAMMATIC ACTION 1A: Evaluate the enhancement opportunities. A report to the

feasibility of preventing adult chinook salmon California Advisory Committee on Salmon

i from straying into the Colusa Basin Drain. and Steelhead Trout. June 22, 1979.92 p.

RArlOt~OatE: The straying of adult chinook NMFS 1989. Endangered and threatened species;

I salmon into the Colusa Basin Drain has long been critical habitat; winter-run chinook salmon.
recognized as a problem. Recent water use National Marine Fisheries Service Federal
practices in the basin have greatly reduced the Register 32085. Vol 54(149).
volume of discharged water, which has reduced
the high water temperature and contaminant NMFS 1996. Recommendations fortherecovery
problems. Still, fish have direct access to the of the Sacramento River winter-run chinook

I drain under certainflow conditions. This action is salmon. Sacramento River winter-run chinook
consistent with actions described in the Proposed salmon recovery team. National Marine
Recovery Plan for the Sacramento River Winter- Fisheries Service March. 228 p

I run Chinook Salmon (National Marine Fisheries
Service 1997) and the Department ofFish and PFMC. 1999. Review of the 1998 Ocean Salmon
Game anadromous fish restoration plan Fisheries. Pacific Fishery Management

i (California Department ofFish and Game 1993). Council. February 1999.
The feasibility should evaluate water use
practices, redirection of waste water, and Resources Agency 1989. Upper Sacramento River
alternative structures to eliminate entry into the fisheries and riparian habitat management

I plan. January. 158drain. p.

Sacramento River Advisory Council. 1998.REFERENCES USED TO Sacramento River Conservation Area
, DEVELOP THE VISION FOR Handbook (Draft). May 1998. Prepared for
THE SACRAMENTO RIVER The Resources Agency State of California by

i ECOLOGICAL MANAGEMENT the Sacramento River Advisory Council under

ZONE
the SB 1086 program.

I USFWS 1996. Recovery plan for the
California Department of Fish and Game. 1993. Sacramento/San Joaquin Delta native fishes.

Restoring Central Valley Streams: a plan for U.S. Fish and Wildlife Service November.

i action. Department of Fish andGame. 195 p.
November 1993.198 p.
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USFWS 1997. Revised draft anadromous, fish I

restoration plan: a plan to increase natural
production of anadromous fish in the Central

IValley of California. U.S. Fish and Wildlife
Service. May 30, 1997.

Yoshiyama, R.M., E.R. Gerstung, F.W. Fisher, I
and P.B. Moyle. 1996. Historical and present
distribution of chinook salmon in the Central

IValley drainage of California. Pp. 309-362 in
Sierra Nevada Ecosystem Project, Final
Report to. Congress, vol. III, assessments,

!commissioned reports, and background
information. Davis: University of California,
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¯ NORTH SACRAMENTO VALLEY
ECOLOGICAL MANAGEMENT ZONE

DESCRIPTION OF THE
MANAGEMENT ZONE

ecological management zone providesThis
habitats for a significant variety of fish, .wildlife,
and plant communities, including spring-, fall-,
and late-fall-run chinook steelheadsalmon, trout,
lamprey, native resident fish, neotropical
migratory birds, and native anuran amphibians.

INTRODUCTION
Important ecological processes and functions

The health of the North Sacramento Valleyshared by the individual ecological units of the

Ecological Management Zone contributes to theNorth Sacramento Valley Ecological Management

health of the Sacramento-San Joaquin Delta inZone include their respective streamflow patterns

many ways. Ecological processes within this zoneand capacity for natural sediment transport; stream

contribute sediment, nutrients, and streamflow tomeander;gravelrecruitment;andstressors,such
as water conveyance structures, water diversion,the Sacramento River. They also provide impo-

rtant migration, holding, spawning, and rearingand invasive plant species.

areas for spring-, fall-, and late-fall-run chinook
salmon steelhead, lamprey, and native residentOpportunities to maintain or reactivate these

fish species. Many streams in this zone alsoprocesses and functions are constrained to varying
degrees because of past and existing humanprovideseasonalnon-natalrearingfor juvenile

steelhead and chinook salmon. Riparian andactivities, such as dam construction and gravel

shaded riverine aquatic habitats provide for manyextraction from the active stream channel. Many

terrestrial of these constraints are described as stressors thatspecies,includingneotropicalbirds,
amphibi,ans, and invertebrates,                      impair ecological function and the creation and

The North Sacramento Valley Ecological
Management Zone encompasses the geographic
area and tributary streams generally surrounding                                            o :
the City of Redding and includes the following
ecological management units:

¯ Clear Creek Ecological Management Unit

¯ Cow Creek Ecological Management Unit

¯ Bear Creek Ecological Management Unit, and

¯ Battle Creek Ecological Management Unit. Location Map of the North Sacramento Valley Ecological
Management Zone and Units.
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maintenance of habitats or that cause directRiver at Lewiston Dam through the Clear Creek
mortality to important species. Tunnel. Whiskeytown Dam, constructed in 1963,

is 10 miles upstream of McCormick Dam. The
The construction and operation of Whiskeytowndam diverts more than 80% of Clear Creek’s
and McCormick-Saeltzer dams and past large-average natural flow to the Spring Creek
scale gravel extraction activities constrainPowerhouse at Keswick Reservoir on the
ecological processes and functions in the ClearSacramento River.
Creek Ecological Management Unit. Ecological
processes and functions on Cow and Bear creeksThe Clear Creek watershed has a natural flow
are impaired by alterations to the runoff patternpattern of high winter and low summer-fall flows,
resulting from water diversions and land usetypical of many Sacramento Valley streams that
practices. Small hydropower projects, wateroriginate from foothills instead of the Cascade or
diversion and water diversion structures constrainSierra crests. The stream is nearly dry during
ecological processes and functions on Battlesummer and fall months of low rainfall years. In
Creek. Past and current operation of Colemanwettest years, flows in winter months average
National Fish Hatchery on the lower section of the1,000 to 2,500 cubic feet per second (cfs). In
creek further impairs opportunities to improve thewinter months of dry years, average monthly
distributions of wild salmon and steelhead stocks,flows reach only 100 to 250 cfs. In the driest

years, winter monthly average flows reach only 20
LIST OF SPECIES TO BENEFIT FROM to 35 cfs. Whiskeytown Dam, at the lower end of

RESTORATION ACTIONS IN THE the watershed, receives water diverted from the
NORTH SACRAMENTO VALLEY Trinity River by way of the Clear Creek Tunnel.

ECOLOGICAL MANAGEMENT ZONE Most of the Clear Creek and Trinity River water is
conveyed from Whiskeytown Lake to Keswick

¯ spring-run chinook salmon Reservoir on the Sacramento River through the
¯ fall-run chinook salmon Spring Creek Tunnel. Flows in Clear Creek below
¯ late-fall-run chinook salmon Whiskeytown Lake are maintained at 50 cfs from
¯ steelhead trout January through October and 100 cfs in November
¯ lamprey and December, regardless of flow in the upper
¯ native anuran amphibians
¯ native resident fishes
¯ neotropical migratory birds Historical Monthly Average Flow

DESCRIPTIONS OF                  soo-
ECOLOGICAL MANAGEMENT           4oo-

UNITS

CLEAR CREEK I=COLOGlCAL            ~ 200 -"MANAGEMENT UNIT                   ~oo-

o
Clear Creek is a major tributary to the Sacramento
River and drains approximately 238 square miles.
It originates in the mountains east of Trinity Lake
and flows into the Sacramento River near

Clear Creek Streamflow, 1952-1992 (Dry year is the 20thRedding. Whiskeytown Reservoir stores natural percentile year; normal year is the 50th percentile or median
creek flows and water diverted from the Trinity year.)
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watershed. Approximately 10 cfs are diverteddistributed to the spawning area from tributary
from the lower river at McCormick Dam, 8 miles stream sources, stream meander, and artificially
upstream of the confluence with the Sacramentointroduced gravel stockpiles. At this time there are
River. two completed gravel injection projects and one in

progress.
Spawning gravel in the lower Clear Creek
drainage has been significantly depleted bySpawning habitat restoration work in Clear Creek
mining. Because recruitment of new gravel intois necessary. The work will require placing
this area is restricted by McCormick and spawning gravel at appropriate locations.
Whiskeytown dams, Shasta County adopted anImplementing this restoration will require
ordinance in 1977 prohibiting new gravel mines inmonitoring spawning gravel to determine whether
Clear Creek below McCormick Dam. Although it successfully meets the needs of adult salmon
the future of this ordinance is uncertain, itand steelhead. It also will be necessary to
constitutes the best protection for spawningcontinuously maintain and replenish the gravel.
gravel. The existing gravel mining operationshaveThe intent is to provide the habitat and flow
refrained from mining in the floodplain for morenecessary to achieve its strategic objective.
than 4 years, allowing some riparian reforestation
to occur naturally. The abundance of fall-run chinook salmon

spawners in Clear Creek has increased during
Before the construction of Whiskeytown Lake, recent years when the fall flows have been
Clear Creek delivered large amounts of gravel toincreased by a factor of three. During this interim
the lower alluvial reaches and the Sacramentoflow increase, the spawning population estimates
River. Flow regulation since 1963 has greatlyhave been between 7,000 and 9,000 representing
reduced the frequency of floodflows capable of5% to 8% of the upper Sacramento River salmon
moving bedload. The instream gravel is notpopulation.
renewable, because gravel from the upper reaches
is trapped in the reservoir. Flow regulation hasSpring-run chinook could have historically
also allowed dense stands of vegetation tomigrated to the.uppermost reaches of Clear Creek
encroach on the main channel, particularly theabove the town of French Gulch (Yoshiyama et al.
lower 3 miles before the confluence. This1996). In 1956, Azevedo and Parkhurst (1958)

further reduces velocities and the chinook in Clear Creek for the firstvegetation spring-runsaw

gravel transport capacity of the stream, time since 1949. Passage to the upper watershed
was severely restricted by the construction of

In 1980, the California Department of Water McCormick-SaeltzerDam around the turn of the
Resources (DWR)estimated that the averagecentury, then completely eliminated by the
annual instream extraction rate of sand and gravelconstruction of Whiskeytown Dam in 1964. It is
was approximately 75,000 tons year, likely the steelhead also ascended Clear Creek atper
equivalent to 20 times the natural transport rate.least as far as French Gulch.
Subsequent field observations in 1980 and 1994
suggest that gravel mining, flow regulation, andIn spite of improved conditions, there are no
vegetative encroachment combined to reduce thespring-run chinook salmon in Clear Creek
available gravel in Clear Creek. The average(California DepartmentofFish and Game 1998)
annual contribution of gravel to the Sacramentoand the status of the steelhead population is
River was estimated to be approximately 5,000unknown. Habitat in Clear Creek has the potential
tons per year. In recent year years, gravelto support spring-run chinook and steelhead if
operators have halted the practice of instreampassage at McCormick-Saeltzer Dam is improved
mining. During this same period, gravels wereto allow adult fish access to the stream reach
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immediately below the Whiskeytown Dam.
Operation of the dam can provide suitable cold- 10,000

water habitat downstream to allow adult spring- " .....................................
run chinook to oversummer and then spawn in the a,000

fall. The cold water would also support juvenile 6,000salmon and steelhead rearing through the summer.

4,000
Restoring habitat and increasing flow releases
from Whiskeytown Reservoir could significantly 2,ooo
improve the present production of chinook salmon
in Clear Creek. Steelhead populations would 0
similarly benefit. 1

Restoring the Clear Creek chinook salmon and Clear Creek Fall-run Chinook Salmon Returns, 1970-1997.
steelhead populations has been the focus of
fishery management efforts in the upperis most suitable for fall- and late-fail-run chinook
Sacramento River drainage below Shasta Dam forsalmon spawning, but unsuitable for oversummer-
most of the Twentieth Century. Interest anding spring-run chinook salmon or for year-round
concern regarding the status of salmon andrearing ofsteelhead. Conditions above the dam are
steelhead in this stream began shortly after thesuitable for steelhead and spring-run chinook
1903 construction of the McCormick Dam, salmon.
located 6 miles upstream of the Sacramento River.
Early restoration efforts attempted to provide McCormick Dam impairs the up- and downstream
suitable adult fish passage at McCormick Dam,passage of juvenile and adult anadromous fish.
but as watershed and instream habitats continuedRemoval of the dam would improve passage and
to decline, the need. for additional habitatsurvival of chinook salmon and steelhead and
restoration efforts increased. The cumulativeimprove the transport of natural sediments from
effects of water export, gold mining, gravelthe stream reach above the dam to the lower reach.
extraction, timber harvest, road building, and the
construction of Whiskeytown Dam have COW CREEK ECOLOGICAL
contributed to the decline of the Clear Creek MANAGEMENT UNIT
anadromous fishery. Only in recent years has
there been a recognition of the complexity of theCow Creek flows through the southwestern foot-
problemand multiagency cooperativeeffort toa hills of the Cascade Range and enters the
seek corrective actions designed to restore habitatSacramento River 4 miles east of the town of
and fish passage in Clear Creek. LocalAnderson in Shasta County. Cow Creek
environmental groups and individuals have alsoencompasses five major tributaries: Little (North)
been seeking solutions to the problems limitingCow, Oak Run, Clover, Old Cow, and South Cow
Clear Creek’sfisherypotential. creeks. The drainage area is approximately

425 square miles, and the average discharge is
The California Department of Fish and Game501,400 acre-feet per year.
(DFG) manages Clear Creek for fall- and late-fall-
run chinook salmon and steelhead trout. TheCow Creek has a natural flow pattern of high
stream is uniquely suited for intensivewinter and low summer-fall flows, typical of
management because of its ability to provide coolmany Sacramento Valley streams that originate
temperatures in the upper reach and adequatefrom foothills rather than from the Cascade or
flows in fall. The stream below McCormick Dam Sierra crests. Near its mouth (where the gaging
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station is located), the stream is nearly dry duringFall-run and late-fall-run chinook salmon spawn
the summer and fall months of dry years. USGSin the creek on the valley floor and in all five
surface water records show the mean August flowtributaries. Adult steelhead trout have been
of 35 cfs, September at 45 cfs, and October at 131 observed in South Cow, Old Cow, and North Cow
cfs with a maximum August flow of l l5 cfs andCreeks. Previous management plans have
a minimum of 1 cfs. estimated the potential of fall-run salmon in Cow

Creek at 5,000 spawners; however, fall-run
In wetter years, flows in winter months averagechifiook salmon populations have been as high as
2,600 to 6,000 cfs. In winter months of dry years, 7,600. The average run size from 1953 to 1969
average monthly flows peak at 500 to 650 cfs. In was 2,800 salmon. In recent drought years, there
the driest years, winter monthly average flowshave been too few salmon in Cow Creek to make
reach only 80 to 120 cfs. Small agriculturalpopulation estimates.Nomajordiversionsexist in
diversions contribute to lower flows in summerthe fall-run spawning reach, and the average
and fall. A Pacific Gas and Electric Companymonthly flow from October through December
(PG&E) hydropower project diversion reduces has actually increased since 1969. The decline in
flow on a 10-mile section of the SouthFork. the Cow Creek fall-run salmon population

coincides with salmon population declines
Historical Monthly Average Flow throughout the Sacramento River basin. There are

no estimates for late-fall-run chinook in Cow
Creek.

1400

In 1992, DFG conducted stream surveys of four of
the five Cow Creek tributaries. Emphasis was
placed on evaluating habitat for spring-run
chinook salmon and steelhead trout holding,600

spawning, and rearing. The survey results
concluded that Cow Creek is not suitable for
spring-run chinook salmon warm0 becauseof

summer water temperatures and lack of large
holding pools. Steelhead, however, could survive
if provided access to the tributarie~ above the

Cow Creek Streamflow, 1953-1993 (Dry year is the 20th valley floor. North Cow, Clover, and Old Cow
percentile year; normal year is the 50th percentile or Creeks have natural bedrock falls that are eithermedian year.)

complete or partial barriers to anadromous fish.

In the past, Cow Creek has supported eight small a,000

gravel mining operations. The lower 10 miles of
channel is approximately 50% exposed bedrock, s,ooo
Where bedload is deposited, it is generally only a
thin veneer. Instream mining was eliminated with 4,000
the passage of a Shasta County gravel mining
ordinance. There has been no instream gravel 2,000
mining in Cow Creek for at least 12 years.
Because of the limited availability of gravel, the 0
bedload transport rate was estimated to be              1
19,000 tons per year.

Cow Creek Fall-run Chinook Salmon Returns, 1954-1997.
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Land use activities in the Cow Creek drainageand steelhead during the spring diversion season,
include agriculture, timber harvest, livestockbecause irrigation water demands are reduced and
grazing, and hydropower production. Loss ofthe diversion rates are relatively small compared
habitat and water diversions are largely the resultto the total streamflow.
of activities associated with livestock production.
The only laddered dams and screened diversions
are part of hydropower facilities. Agricultural Historical Monthly Average Flow

diversions are unscreened, ditches are unlined and
poorly maintained, and grazing is destroying some 140
of the riparian corridor and causing excessive 120
erosion. 100

Population growth in the towns of Palo Cedro,          "~ 80
Bella Vista, Oak Run, and Millville is resulting in         ,v 40
increased demand for domestic water and is            20
affecting riparian habitat in the Cow Creek            0
watershed. Measures are required to protect the
existing habitat from further damage associated
with gravel extractions, water diversions, creek-
side development, and livestock grazing. Cow

Bear Creek Streamflow, 1960-1967 (Dry year is the 20th
Creek presents a unique opportunity to maintain percentile year; normal year is the 50th percentile or median
and preserve fall- and late-fall-run salmon and year.)
steelhead habitat while nearby development
increases. Bear Creek has a natural flow pattem of high

winter and low summer-fall flows, typical of
BE/Mt CFIEEK I=COLOGIC/~d. many Sacramento Valley streams that originate

[VI/M~IAGEI~IENT UNIT from foothills rather than the Cascade or Sierra
crests. Near its mouth (where the gaging station is

Bear Creek is a small, eastside tributary enteringlocated) the stream is nearly dry during summer
the Sacramento River 5 miles below Anderson.and fall months of low rainfall years. In wettest
The stream has low streamflow in spring throughyears, flows in winter months average 1,100 to
fall months of most years and flows year round at2,000 cfs. In winter months of dry years, average
the Highway 44 bridge in dry years. All steelheadmonthly flows reach only 30 to 70 cfs. In the
habitat is above this bridge. During spring anddriest years, winter monthly average flows reach
summer, the limited natural streamflow is furtheronly 20 to 35 cfs. Small agricultural diversions
reduced by irrigation diversions in the lowercontribute to lower flows in summerand fall.
reaches, where the stream enters the valley floor.
Adequate streamflows in fall and spring areBear Creek is able to support populations of fall-
prerequisites for anadromous fish migration andrun chinook salmon only when early fall rains
reproduction, create suitable conditions for passage over shallow

riffles and allow access to the limited spawning
The limited runoff in this small stream makes ithabitat. Because of low and warm stream flow
difficult to simultaneously meet the limitedconditions in spring, juvenile salmon and
agricultural water demands and instream flowsteelhead must emigrate early in the season to
needs of anadromous fish., especially in below-survive.
normal water years. During above normal water
years, there is a reduced risk to juvenile salmon
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I Salmon spawning surveys conducted during yearsbaseflow and a much smaller portion of the wet
with sufficient flows to attract adult salmonseason flow. Under and interim agreement, the

I indicate that Bear Creek can support 150-300 required minimum fishery releases to the creek are
spawning salmon. Steelhead have been observedincreased by a factor of 10 at three diversions in a
in the creek, but no population estimates have17-mile section of the creek system.

I been made.
PG&E owns and operates the Battle Creek project,

Unscreened irrigation diTversions operating duringwhich consists of two small storage reservoirs,

I the juvenile emigration period for chinook salmonfour unscreened hydropower diversions on the
and steelhead can significantly reduce survivalNorth Fork Battle Creek, three unscreened
rates, hydropower diversions on South Fork Battle

Creek, a complex system of canals and forebays,
aoo and five powerhouses.

600 Historical Monthly Average Flow
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Bear Creek Fall-run Chinook Salmon Returns, 1943-1997.                100
0

BATTLE CREEK ECOLOGICAL
MANAGEMENT UNIT

Battle Creek enters the Sacramento River Battle Creek Streamflow, 1963-1993 (Dry year is the 20th

approximately 5 miles southeast of the Shasta percentile year; normal year is the 50th percentile or

County town of Cottonwood. It flows into the
median year.)

Sacramento Valley from the east, draining a
watershed of approximately 360 square miles. ERPP proposes to restore important ecological

functions and and habitats in a step-by-processes
Battle Creek has a natural flow pattern of highstep approach over several years. Restoration of
winter and moderate summer-fall flows, typical ofthese ecosystem elements will permit the

restoration of anadromous fish in the basin. InMountShasta-Cascadespring-fedstreams.Near
its mouth (where the gaging station is located), theaddition, restoration will require disease
stream has average flows of 240 to 260 cfs inmanagement measures for the fish hatchery water

and fall. Even in the drier flows supply. As the range of anadromous fish in thesummer years,
more than 150 cfs. In wettest years, flows inwatershed is increased, additional efforts will be
winter months average 1,200 to 2,400 cfs. Battledirected at fish screens, fish ladders, hatchery

Creek has the best connection between the riverwater supply management, and increased releases
and mountainous areas of any Sacramento Riverof water from hydroelectric diversions. The

ecological management unit. PG&E operated aapproach will first restore the stream reach
series of small run-of-the-river hydroelectriccapable of supporting all types of anadromous
diversions that divert up to 98% of the stream’sfish. This approach will restore approximately
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one-half of the available anadromous fish habitatscreening or removing the diversions on the North
without subjecting the hatchery to increasedFork and South Fork of Battle Creek, increasing
disease risk or degrading the quality of thereleases from project diversions, and stopping
hatchery water supply, removal of stream gravel that accumulates at

project diversions.
Before development, Battle Creek was one of the
most important chinook salmon spawning streamsAnadromous fish have historically migrated above
in the Sacramento Valley. Runs of fall-, winter-,the hatchery during minor and major storm events
and spring-run chinook salmon and steelhead wereeach year which flood out the hatchery barrier
found there. Natural spawning of salmon anddam and when the fish ladder at the barrier dam
steelhead in Battle Creek between the Colemanhas been opened for four to five months during
National Fish Hatchery weir and the mouth is stillpast years. The Coleman Hatchery Development
significant but suffers from spawning populationsPlan proposes a phased installation of an ozone
too large for available habitat. The blockage of thesterilization system. The present level of
fall-run chinook salmon migration at the hatcheryozonation at Coleman Hatchery (10,000 g.p.m.) is
and the effect of low flows caused by PG&E’s sufficient to sterilize all the water needed to
hydropower operations have combined to reduceproduce the early life stages of chinook salmon
salmon and steelhead populations above theand steelhead and one-third of the water necessary
hatchery toremnantstatus, to produce juvenile fish. The environmental

documents and preliminary funding arrangements
~o,oo~ have been completed to begin the construction of
5o,00o the remaining two-thirds of the water supply

needed for juvenile fish production.

~o,o0o The restoration of naturally produced runs of
anadromous fish in Battle Creek can be conducted
in a manner compatible with the phasing in of the

lo,ooo ozone treatment plant. If those races of salmon
that represent a significant disease risk are

o
restricted through seasonal fish ladder closures to
the first 17-mile reach of Battle Creek above theII

Battle Creek Fall-run Chinook Returns, 1953-1997. hatchery for the initial phase of restoration, a
hatchery water supply can be maintained and the

There is one large, unscreened agriculturalcapacity to supply the balance of the hatchery
diversion (Battle Creek Diversion). DFG water supply that will not be treated with ozone
constructed a screen for this diversion, butcan be reached. It will be necessary to improve the
because of landowner concerns, installation of thereliability of the Coleman Canal water supply.
screen was delayed. The screen has recently been
installed. The fish hatchery, located approximately 6 miles

upstream of the mouth of Battle Creek, is operated
Restoring the remnant populations of naturallyby the U.S. Fish and Wildlife Service (USFWS).
spawning chinook salmon and steelhead locatedIt was constructed by Reclamation as partial
above the fish hatchery barrier dam to a healthymitigation for the construction of Shasta Dam and
status can be done in a manner that integrates theproduces fall-run chinook salmon, late-fall-run
beneficial uses of hydropower production andchinook salmon, and steelhead trout. Winter-run
aquaculture in the watershed. Physical andchinook salmon, a federally and State-listed
operational changes of PG&E’s projects includeendangered species, was also successfully

¯
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propagated in small numbers at the hatchery toanadromous fish because of barriers. The
supplement the wild population. The winter-runanadromous reach in the North Fork Battle Creek
chinook artificial propagation program at Coleman extends up to approximately two miles above the
was stopped and is in the process of being movedNorth Fork Battle Feeder Dam. The recent (1991 )
to a new facility at the base of Shasta Dam. This isevaluation of spawning habitat in the portions of
scheduled to be operational ir~ early 1998. Battle Creek watershed accessible to anadromous

fish above Coleman Hatchery Fish Barrier
Restoration of Battle Creek’s anadromous fishestimate 166,000 square feet of spawning gravel.
habitat above the valley floor will focus onPotentially, this much spawning habitat could
restoring spring-run chinook salmon and steelheadaccommodate 3,500 spawning pair. The North
trout. These actions will be sufficient to provideFork of Battle Creek, Eagle Canyon in particular,
for the requirements of winter-ran chinook salmoncontains deep, cold, and isolated pools ideal for
that may return to Battle Creek. holding spring-run chinook salmon throughout

summer. Because of the critically low numbers of
Surveys conducted before the construction ofspring-run chinook salmon and steelhead in the
Shasta Dam indicate that, with sufficient water,Sacramento River drainage, any expansion of
the stream reaches above the fish hatchery couldavailable habitat for these fish has a high priority.
provide spawning habitat for more than
1,800 pairs of salmon. The stream reaches up to
MacCumber Dam are not reachable by

Key Features ’,,
Battle Creek Project , ’ Macum/oer Res.
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From 1985 through 1989, adult fall-run chinook channels. ERPP also recommends reestablishing
salmon, surplus to the fish hatchery egg-takingfloodplains in the lower stream reaches to allow
needs, were released into Battle Creek above thestream channel meander, sediment transport and
hatchery weir to spawn naturally. Because ofdeposition, and a healthy riparian corridor.
potential disease problems at the hatchery relatedActions to maintain and restore healthy riparian
to decomposing carcasses, the fish ladders onzones include providing shaded riverine aquatic
PG&E’s two lowermost diversions (Wildcat habitat and woody debris and maintaining
Diversion on the North Fork and Coleman on thebiologically productive gravel beds for fish
South Fork) were closed. This action preventedspawning and invertebrate production.
fish from ascending into the area above the
hatchery water supply intake and eliminated theERPP envisions that the fish, wildlife, and riparian
possibility of salmon migrating into the middle orneeds of the North Sacramento Valley Ecological
upper reaches of those streams. Management Zone will be met and an acceptable

level of ecosystem health will be achieved when

VISION FOR THE the following visions have been satisfactorily
attained.

ECOLOGICAL
MANAGEMENT ZONE        VISIONS FOR ECOLOGICAL

MANAGEMENT UNITS
The vision for the North Sacramento Ecological
Management Zone is to restore important fishery, CLEAR CREEK ECOLOGICAL
wildlife, and plant communities to a healthy MANAGEMENT UNIT
condition. To attain this vision, the Ecosystem
Restoration Program Plan recommendsThe vision for the Clear Creek Ecological
developing and implementing comprehensiveManagement Unit is to restore flows from
watershed management plans for the streams inWhiskeytown Dam to allow successful upstream
this zone, which will restore important ecologicalpassage of chinook salmon and steelhead to
processes that create and maintain habitats forhistorical habitat, restore sediment transport and
fish, wildlife, and plant communities, gravel recruitment in the stream channel, and

establish a clearly def’med stream meander zone,
The vision focuses on restoring spring-runand riparianand riverine aquatic plant
chinook salmon and steelhead to population levelscommunities.
of the late 1960s and early 1970s. To achieve this
vision, ERPP recommends increased protectionThe potential of providing sustainable and resi-
for naturally produced chinook salmon andlient ecological processes and habitats will be
steelhead as they rear and migrate downstreamenhanced by developing a locally sponsored
from the natal areas to the mainstem Sacramentowatershed management planning process for this
River. This would involve improving passage atunit.
water diversion structures; installing positive-
barrier fish screens to protect juveniles; andCLEAR CREEK WATERSHED DEMONSTR~-
providing sufficient flows for migration, holding,TION PROGRAM: Clear Creek has tentatively
spawning, and rearing, been selected as a demonstration watershed for the

CALFED Stage 1 (first seven years)
Gravel extraction is a significant problem in manyImplementation Program. During Stage 1,
areas of this ecological management zone, and aCALFED will support and bolster ongoing efforts
cooperative effort is needed to relocate thisto implement a successful management and
activity to sites away from the active streamrehabilitation effort within this watershed so that
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I lessons learned in this watershed can be applied to transport and stream meander in a highly modified
similar watersheds, stream system.

Clear Creek has some interesting attributes that COW CREEK ECOLOGICAL
have contributed to its selection. MANAGEMENT UNIT

¯ The upper watershed is in mixed private and The vision for the Cow Creek Ecological Unit
federal ownership and is included in the includes reducing adverse effects of timber

I President’s Northwest Forest Planning effort, harvest, erosion, and cattle grazing on the stream
and riparian system and maintaining or restoring

¯ The watershed is addressed by the Northwest streamflows during important periods of the year

I Sacramento Province Advisory Committee to allow fish migration, spawning, and rearing of
comprised of representatives of federal fall-run chinook salmon and steelhead trout. A
agencies such as the U.S. Forest Service, U.S. comprehensi~,e watershed management plan

i Fish and Wildlife Service, Bureau of Land developed and implemented at the local level
Management and others, would assist in restoring this creek. In addition,

sediment in the creek is limited, and ERPP

i ¯ Streamflows in Clear Creek below recommends a cooperative program to relocate
Whiskeytown Dam are controlled largely by gravel extraction operations to areas outside the
the U.S. Bureau of Reclamation. active stream channel.

I ¯ Restoration of Clear Creek is specified in the Actions on Cow Creek include obtaining flow
Central Valley Project Improvement Act. agreements, screening diversions to protect all life

i stages of anadromous fish, improving fish passage
¯ Clear Creek supports chinook salmon and at agricultural diversion structures, and fencing

with restoration could support spring-run selected riparian corridors in the watershed to
chinook salmon and steelhead, exclude livestock and promote riparian

regeneration.
¯ Strong local interest in the watershed.

BEAR CREEK ECOLOGICALi ¯ Many ongoing restoration activities and MANAGEMENT UNIT
efforts such as land acquisition, water
acquisition, andpassage improvement. The vision for the Bear Creek Ecological

I Management Unit will emphasize restoring and
Cumulatively, an investment in Clear Creek maintaining important ecological processes, such
during Stage 1 will provide direct benefits to the as streamflow and sediment supply. Steelhead

trout is an important species that will benefit fromcreek and provide the types of restoration
information needed to successfully move the improvements related to fish passage and
Ecosystem Restoration Program into subsequent immigration and holding, spawning, and rearing
implementation phases. A few of the lessons to be habitats. The individual value of Bear Creek is
learned in the Clear Creek watershed include how small, but, cumulatively, the values of streams
to improve overall watershed health; how to such as this can be integral and valuable in

I integrate local, state, federal, and private efforts in health to therestoring ecological Bay-Delta
a large-scale restoration program; how to design system, particularly for the steelhead trout and
and implement actions to benefit spring-run fall-run chinook salmon resources. Recent, but
chinook salmon and steelhead; and how to best limited field studies, have shown that in some
manage ecological processes such as sediment
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years lower Bear Creek can provide valuable non- emulate natural flow patterns, with late-winter/
natal rearing habitat for juvenile salmonids, early-spring flow events and sustained flow well

into the summer. The vision is that streamflow
ERPP recommends a cooperative program withwill be provided at levels that activate ecological
water users for a mutually acceptable flowprocesses that shape the stream channels and
schedule that would not only provide protectionsustain riparian and riverine aquatic habitat,
for downstream migrating salmon and steelheadtransport sediments, and sustain juvenile
but recognize the needs of agriculture. This couldanadromous fish during the summer.
be accomplished through conjunctive use of
groundwater. COARSE SEDIMENT SUPPLY: The supply of

sediments to the streams in the North Sacramento
BATTLE CREEK ECOLOGICAL Valley Ecological Management Zone support

MANAGEMENT UNIT stream channel maintenance and sustain riparian
and riverine aquatichabitats. This sediment

The vision for the Battle Creek Ecologicalincludes gravel for fish spawning and invertebrate
Management Unit includes support for a localproduction The vision is that processes to provide
watershed conservancy and developing anda continual supply of coarse sediments will be
implementing a comprehensive watershedrestored, reactivated, or supplemented.
management plan, increasing flows, improving the
water supply to Coleman National Fish Hatchery,STREAM MEANDER: Streams in the North
removing diversion dams or installing newSacramento Valley Ecological Management Zone
ladders, and installing positive-barrierfish screensexhibit a natural tendency to meander. This
to protect juvenile chinook salmon and steelhead,provides for the continual supply of coarse

sediments, regeneration of the riparian corridor,
Improving water management operations andand the rejuvenation of gravels used for fish
installing positive-barrier fish screens will providespawning and invertebrate production. The vision
large benefits to many aspects of the ecologicalis that stream meander corridors will be
processes and fish and wildlife in the watershed,established or maintained to provide much of the
ERPP also envisions that Battle Creek willneeded sediments and habitats for fish, wildlife,
provide much-needed habitat for steelhead troutand plant communities.
and spring-run chinook salmon, in addition to
maintaining its existing importance to fall- andNATOP,~L FLOODPL/MN AND FLOOD
late-fall-run chinook. PROCESSES: River-floodplain interactions are

important ecological events that occur at varying

VISIONS FOR ECOLOGICAL
intervals, ranging from annual inundation of some
of the floodplain to flow or flood events that

PROCESSES inundate most of the floodplain. The larger events
occur within 5-, 10-, 50-year or longer intervals.

CENTRAL VALLEY STREAMFLOW: Healthy This recurrent flood cycle maintains the stream
instream flows are sustained to restore ecologicalchannel, allows the stream to contact higher gravel
processes and functions that maintain habitats andterraces, supports riparian regeneration, and
support aquatic species. Streamflows shapeallows the stream channel to migrate. The vision
channels, support riparian vegetation, provideis that the floodplains of streams in the North
habitat for fish, and transport young fishSacramento ValleyEcologicalManagementZone
downstream. Healthy streamflow patterns in thewill be maintained at levels that permit recurrent
streams tributary to the upper reach of thefloodplain inundation.
Sacramento River below Keswick Dam would
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CENTRAL VALLEY STREAM ESSENTIAL FISH HABITAT: Clear, Cow, Bear,
TEMPERATURES: Chinook salmon and steelheadand Battle creeks have been identified as Essential
are dependent on specific stream temperatures.Fish Habitat (EFH) based on the definition of
Optimum spawning and egg incubation typicallywaters currently or historically accessible to
occurs at 52°F while optimum rearingsalmon (National Marine Fisheries Service 1998).
temperatures are slightly higher. TemperatureThe vision is for EFH is to maintain or restore
requirements also vary among chinook runs,substrate composition; water quality; water
species, and life stage. The vision for streamquantity, depth and velocity; channel gradient and
temperatures is to provide sufficient flows tostability; food; cover and habitat complexity;
sustain cool water during important life stages tospace; access and passage; and flood plain and
support all life stages of chinook salmon,habitat connectivity.
steelhead, and other aquatic organisms.

VISIONS FOR REDUCING OR
VISION FOR HABITATS ELIMINATING STRESSORS

RIPARIA~I AND RIVERINE AQUATIC: Riparian WATER DIVERSION: Water diversions reduce
and riverine aquatic habitats support a widethe quantity of flow below the diversion point and
diversity of aquatic and terrestrial species. Healthycause direct mortality by entraining young fish.
riparian corridors provide a migratory pathwayThe vision for water diversion and unscreened
between lower and higher elevation habitats fordiversion in the North Sacramento Valley
terrestrial species, such as mammals and birds.Ecological Management Zone is that sufficient
Shaded riverine aquatic habitat provides importantflow will remain below diversion points to permit
habitat complexity in the stream, which includesthe successful up- and downstream migration of
shade and escape cover for juvenile fish. Theadult and juvenile fish, and that water will be
vision for riparian and riverine aquatic habitat isdiverted through state-of-the-art positive barrier
that riparian corridors will be maintain andfish screens toreduce loss of juvenile fish.
restored by improvements in sediment transport,
stream meander, reconnecting streams with theirDAMS AND OTHER STRUCTURES." Instream
floodplains, improved grazing and other land usestructures frequently impair the upstream and
practices, and by the creation of extensive ripariandownstream passage of anadromous fish. The
protection zones, vision for the North Sacramento Valley Ecological

Management Zone is that the connections between
FRESHWATER FISH HABITAT." Freshwater fish upstream holding, spawning, rearing, and micra-
habitat is an important component needed totion habitats and the Sacramento River will be
ensure the sustainability of resident native andreestablished, improved, maintained, and
anadromous fish species. The upper sections ofreestablished on some streams to permit
these creeks are typical of salmon-steelheadunobstructed fish passage.
streams while the lower sections are typical of fall
chinook salmon spawning streams (Moyle andGR~VEL MINING: Gravel mining can greatly
Ellison 1991). The vision is that the quality ofreduce the quality and quantityof coarse
freshwater fish habitat in these creeks will besediments in the streams of the North Sacramento
maintained through actions directed atValley Ecological Management Zone. The vision

is that gravel mining operations in the activestreamflows,coarse sedimentsupply, stream
meander, natural floodplain and flood processes,stream channel will be reduced and relocated to
and maintaining and restoring riparian andalluvial deposits outside the active stream channel.
riverine aquatic habitats.

~p ~ Volume I1: Ecosystem Restoradon Program Plan
-.~ ~Y.D~T~ North Sacramento Valley Ecological Management Zone Vision

~ ~ June 1999
202

C--01 9632
C-019632



INVASIVE RIPARIAN AND MARSH PLANTS: VISIONS FOR SPECIES
Invasive riparian plants can outcompete and
displace native vegetation. Often, these invasiveSPRING-RUN CHINOOK S/M.MON: The vision
plants have little or no value to native fish orfor spring-run chinook is to recover this State-
wildlife species. The vision for reducing invasivelisted threatened species, achieve naturally
riparian plants in the North Sacramento Valleyspawning population levels that support and
Ecological Management Zone is to establishmaintain ocean commercial and ocean and inland
cooperative and coordinated eradication programsrecreational fisheries, and that fully use existing
that allow the regeneration of native plant speciesand restored habitats. Spring-run chinook are
and communities, dependent on late-winter/early-spring flows for

upstream passage, deep pools and cool water for
HARVEST OF FISH AND WILDLIFE: The legal oversummer survival, and quality gravel for
and illegal harvest of chinook salmon andsuccessful spawning in the fall. The vision for
steelhead can reduce the number of spawning fishspring-run chinook salmon in the North
and impair other efforts to restore and rebuildSacramento Valley Ecological Management Zone
spawning populations. The vision for illegalis that stream flows, stream temperatures, and
harvest in the North Sacramento Valleyhabitat quality will be maintained or restored to a
Ecological Management Zone is to implement alevel that will support adult and juvenile
stronger enforcement and public educationpopulations.
program. The vision for legal harvest is to develop
harvest strategies that assist in the restoration ofFALL-RUN CHINOOK SALMON: The vision for
anadromous fish species, the fall-run chinook salmon is to recover all stocks

proposed for listing under ESA. Fall-run chinook
ARTIFICIAL PROPAGATION OF FISH: The depend on late-summer and fall streamflow for
production of chinook salmon and steelhead ataccess to spawning areas in the lower stream
Coleman National Fish Hatchery on Battle Creek reaches. Habitat suitability is influenced by water
supports important sportand commercial fisheriestemperatures. The vision for fall-run chinook
and mitigates loss of salmon and steelhead habitatsalmon in the North Sacramento Valley Ecological
that resulted from the construction of Shasta Dam.Management Zone is that stream flows, stream
Due to release practices, hatchery fish from Battletemperatures,and habitat quality will be
Creek and other Central Valley hatcheries maintained or restored to a level that will support
supplement the numbers of naturally spawningspawning and juvenile rearing through late spring.
salmon and steelhead in the Sacramento River and
its tributaries. Hatchery salmon and steelhead mayLATE-FALL-RUN CHINOOK SALMON: The

"impede the recovery of wild populations byvision for late-fall-run chinook salmon is to
competing with wild stocks for resources, recover this run proposed for listing under the
Hatchery-raisedstocks,becauseof interbreeding, ESA. Late-fall-run chinook typically depend on
may not be genetically equivalent to wild stocks orwinter stream flows and quality spawning gravel.
may not have the instincts to survive in the wild.The vision for late-fall-run chinook salmon in the
If these stocks breed with wild populations, North SacramentoValleyEcologicalManagement
overall genetic integrity suffers. The vision forZone is to improve ecological processes that
artificial production in the North Sacramentocreate and maintain spawning habitat and reduce
Valley EcologicalManagementZone is to sources of mortality that diminish survival of
implement hatchery practices that contribute to thejuvenile and adult fish.
recovery of naturally spawning populations of
salmon and steelhead. STEELHEAD: The vision for Central Valley

steelhead is to recover this federally listed
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I threatened species and achieve naturally spawningNEOTROPICAL MIGRATORY BIRDS: The
populations of sufficient size to support inlandvision for neotropical migratory birds is to

I recreational fishing at that use fully existing andmaintain and increase populations through
restored habitats. Juvenile steelhead are dependentrestoring habitats on which they depend.
on cool water for oversummer survival, late-

I winter/early-spring flows for downstream passage,PLANT SPECIES AND COMMUNITIES: The
and quality gravel for successful spawning in thevision for plan species and communities is to
late winter/early spring. The vision for steelheadprotect and restore these resources in conjunction

I in the North Sacramento Valley Ecologicalwith efforts to protect and restore riparian and
Management Zone is that stream flows, streamriverine aquatic habitats.
temperatures, and habitat quality will be

I maintained or restored to a level that will support | NTEGRATION WITH
adult and juvenile populations.

OTHER RESTORATION

I LAMPREY: The vision for lamprey is to maintain PROGRAMS
and restore population distribution and abundance
to higher levels than at present. The vision is also

LOCAL WATERSHED PLANNING

I to better understand life history and identify
factors in the North Sacramento Valley Ecological GROUPS

Management Zone which influence abundance.
Lamprey are a California species of specialMaintaining and restoring the ecological health of

I the ecological units in the North Sacramento
concern. Becauseof limited information
regarding their status, distribution, and abundance,Valley Ecological Management Zone will depend

the vision is that additional monitoring or research
heavily on local watershed groups, including local

i will provide the data necessary to better managelandowners,concernedindividuals,and local
resource experts. The only formal watershed

these species and their habitat, planning group in this Ecological Management

NATIVE ANURAN AMPHIBIANS: The vision Zone is the Clear Creek Coordinated Resources
Management Program (ARMP) fostered by the

for the native anuran species is to stop habitat lossWestern Shasta Resource Conservation District. A
and the introduction of other species that prey on

I the different life stages of these amphibians.Battle Creek watershed interest group is forming
but has not developed a formal approach toOngoing surveys to monitor known populations
watershed planning. Additional groups are neededand find additional populations is essential toto sponsor watershed planning and restoration onI gauge the health of the species in this group. ToCowandBearCreeks.stabilize and increase anuran populations, non-

native predator species should be eliminated from

I historic habitat ranges. Increasing suitable habitatEcosystem restoration efforts in the North

and maintaining clean water supplies that meet the
Sacramento Valley Ecological Management Zone
will be linked to cooperation from resource

needs of the various species in this group isagencies, such as DFG, DWR, USFWS, and the
I National Marine Fisheries Service (NMFS), as

essential.

well as participation and support from
NATIVE RESIDENT FISH: The vision for native

I resident fish species is to maintain and restore byReclamation, the U.S. Natural Resources
Conservation Service, and private organizations,distribution and abundance of species such as

Sacramento blackfish, hardhead, rule perch,
water districts, and individual landowners. These

I Sacramento sucker, and California roach,
groups are expected to work together to maintain
and restore slxeamflows and fish and wildlife
habitat, reduce the impacts of diversions, and

I
~ ~
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minimize poaching and habitat and water qualityThe vision for the North Sacramento Valley
degradation in basin streams. In support of thisEcological Management Zone will contribute to
effort, cooperating agencies should seek fundingand benefit from the Anadromous Fish
for enhancing streamflows, reducing fish passageRestoration Program (AFRP), which strives to
problems, screening diversions, restoring habitats,double the natural production of anadromous fish
and increasing Fish and Game Code enforcementin the system over the average production from
to protect recovering populations of salmon and1967 through 1991.
steelhead.

Reclamation is willing to assist in restoring Clear
SALMON, STEELHEAD TROUT AND Creek fish habitat by providing additional water

ANADROMOUS FISHERIES from Whiskeytown Reservoir. The amount of
PROGRAM ACT water committed to maintain salmon and steelhead

in this creek is presently recommended not to
Established in 1988 by Senate Bill 2261, this Act exceed 200 cfs from October 1 through June 1 and

directs the Califomia Department of Fish and150 cfs from June 2 to September 30. Flows are
Game to implement measures to double thebeing evaluated to determine the instream flow
numbers of salmon and steelhead present in thenecessary to achieve the strategic objective.
Central Valley (DFG 1993, 1996). The DFG’s Because passage and McCormick-Saeltzer Dam
salmon and steelhead restoration program includeshas not yet been achieved, AFRP recommended
cooperative efforts with local governments andflows have not been implemented for Clear Creek
private landowners to identify problem areas and(USBR and DWR 1999).
assist in obtaining funding for feasibility studies,
environmental permitting, and project CALFED BAY-DELTA PROGRAM
construction. The vision will help DFG as it
progresses toward doubling the number ofCALFED has funded eight ecosystem restoration
anadromous fish over the number present in 1988.projects in the North Sacramento Valley. Most

projects improve fish passage. One project

CENTRAL VALLEY PROJECT improves fish passage on Clear Creek by

IMPROVEMENT ACT removing McCormick Seltzer Dam. The most
significant project in the Zone will re-open 42

The U.S. Fish and Wildlife Service and themiles offish habitat on Battle Creek by removing
five diversion dams and laddering and screeningBureau of Reclamation (Reclamation) are

implementing the Central Valley Projectanother three dams.

Improvement Act (CVPIA), which provides for
restoring habitats and species and eliminating LINKAGE TO OTHER
many stressors. Key elements of the CVPIA ECOLOGICALprogram include the Anadromous Fish Restoration
Program (USFWS 1997) and the Anadromous [~]ANAGI~I~qI=NT ZONES
Fish Screening Program. Other elements are
directed at spawning gravel replenishment, fishThe North Sacramento Valley Ecological
passage, water temperature control in the reachManagement Zone is most closely linked to the
between Keswick Dam and the Red BluffSacramento River EcologicalManagementZone
Diversion Dam (RBDD), water acquisition, and and exhibits a high degree of connectivity through
other measures that will contribute to health of thethe confluences of Clear, Cow, Bear, and Battle
Sacramento River and Sacramento-San Joaquincreeks with the Sacramento River Ecological
Delta Ecological Management Zones. Management Zone.
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I
RESTORATION TARGETS PG&E, and includes a provision for the release of

10 cfs at the Asbury Pump on Baldwin Creek, a

I AND PROGRAMMATIC dewatered Battle Creek tributary that provides

ACTIONS steelhead habitat. In the longer-term, this action
also include increasing flows at the Inskip

I Diversion Dam and South Diversion Dam.
ECOLOGICAL PROCESSES

TARGET 4: Augment flow in Bear Creek by 10

i CENTRAL VALLEY STREAMFLOWS to 20 cfs (~).

PROGRAMMATIC TARGET: More closely PROGRAMMATIC ACTION 4A: Increase Bear

i emulate the seasonal streamflow pattems in Clear,Creek flow by purchasing water from willing
Cow, and Battle Creeks in most year types bysellers or providing alternative sources of water to
providing or maintaining flows that mobilize anddiverters during important fish passage periods in
transport sediments, allow upstream andspring and fall.
downstream fish passage, create point bars, and
contribute to stream channel meander and riparian~ TlON, ad.~: The streams in the North

i vegetation succession. Sacramento Valley Ecological Management Zone
provide extremely valuable habitat for spring-run

T~GE’r 1 -" Increase flow in Cow Creek by 25 to chinook salmon and steelhead trout. One of the
50 cfs, corresponding to the natural seasonalkey attributes ofstreamflow in this ecologicalzoneI runoff and maintain 25 to 75 cfs duringpattern, isproviding forsuccessfulupstreampassageof
October (~). adult fish. Water is diverted from the streams in

i this zone during periods that impair upstream
PROGRAMMATIC ACTION 1 A: Increase flow passage conditions and prevent fish from reaching
in Cow Creek by purchasing water from willingimportant oversummering or spawning habitats.
sellers or implementinga conjunctive groundwaterAcquiring water from willing sellers and

I implementing programs to provideprogram. alternative
sources of water during important periods are

TARGET 2: Increase flow in Clear Creek to 150 direct approaches to solving this problem. For
to 200 cfs from October 1 to May 31 and to 100 to example, natural flow in Bear Creek is often less
150 cfs from June 1 to September 30 (~). than the combined water rights of diverters,

resulting in total dewatering of the creek in the

I PROGRAMMATIC ACTION 2A: Develop a valley reach during criticalperiodsfor chinook
cooperative program to improve flow in Clearsalmon.
Creek by increasing releases from Clair Hill
Whiskeytown Dams. The recommended AFRPflowsfor Clear Creek,

as specified in Target 2, should be implemented
TARG~--’r 3: Augment .flow in Battle Creek by 25 immediately. Because steelhead and spring-run

I to 50 cfs (~). chinook salmon do not have access to the better
quality habitat upstream of McCormick-Saeltzer

PROGRAMMATIC ACTION 3A: Increase flow       Dam, it is all the more imperative that adequate

I in Battle Creek by purchasing water from willingflows be provided to restore some conditions in
sellers or providing compensation for forgonethe reach immediately belowMcCormick-Saeltzer
power production. This includes negotiating andDam.

I renewing an existing interim flow agreement
between the Department of the Interior and
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CENTRAL VALLEY STREAM TARGET 2: Increase existing levels of erosion
TEMPERATURES and gravel recruitment in Clear Creek by 25 to

50 tons per year (~,,).
T,a~tG~" 1 ." Maintain suitable water temperatures
in Clear Creek for spring-run chinook and PROGRAMMATIC ACTION 2A." Develop a
steelhead holding, spawning, and rearing (,~).cooperative program to improve gravel quality

and quantity in lower Clear Creek to maintain
PROGRAMMATIC ACTION 1A: Maintain 56° F high-quality spawning conditions for fall-run and
to approximately 3 miles downstream oflate-fall-run chinook salmon by evaluating the
McCormick-Saeltzer Dam from June through addition of 5,000 to 10,000 cubic yards annually
September. as needed. Evaluate the need to acquire or relocate

existing mining operations. Alter McCormick
R~TION, ad.E: lThiskeytown Dam provides an Dam so that it no longer serves as a sediment trap.
excellent opportunity to provide cold water
releases from the lower depths of the reservoir to TARGET 3: Increase existing levels of erosion
maintain adequate temperatures in downstream and gravel recruitment in Cow Creek by 5 to 10
reaches. Because salmon and steelhead cannot tons per year (~).
access the higher quality habitat in Clear Creek
because of the blockage at McCormick-Saeltzer PROGRAMMATIC ACTION 3A-" Develop a
Dam, greater releases will need to be made from cooperative program to protect existing gravel and
Whiskeytown Dam to provide adequate bedload movement in Cow Creek to maintain and
temperatures in the reach below McCormick- increase future spawning gravel and sediment
Saeltzer Dam. Preliminary results from an input to the Sacramento River by 5 to 10 tons per
ongoing temperature modeling study indicate that year by evaluating the need or opportunity to
the AFRPrecommendedflowshavethepotential acquire or relocate existing gravel mining
to provide adequate temperatures for spring-run operations.
chinook and steelhead in most of the reach
between Whiskeytown and McCormick-Saeltzer Fba TION, aJ.E: Replenishing gravel supplies to a
dams. However, higher releases are necessary to level sufficient to support target populations of
achieve adequate temperatures below salmon and steelhead will help to improve
McCormick-Saeltzer Dam, and should be populations to desirable levels and to maintain
provided until McCormick-Saeltzer Damis such levels once achieved Replenishing gravels to
removed or modified to allow passage, maintain channel-forming processes and stream

meanders will help to maintain fish and wildlife
CO/~ISE SEDIMENT SUPPLY habitats, aquatic algae and invertebrate

production, and streamside vegetation (California
TARGET 1 : Maintain existing levels of erosionDepartment of Water Resources 1980). A
and gravel recruitment in streams of the Northpredevelopment level of gravel recruitment should
Sacramento Valley Ecological Unit and, wherebe adequate to restore the natural ecological

recruitment through processes supported by gravel recruitment, butnecessary,supplementgravel
adaptive management and monitoring (~). may require experimenting, monitoring, and

experience to determine the exact amount of

PROGRAMMATIC ACTION 1A: Cooperatively gravel supplies necessary to meet the objective.

develop appropriate land use plans that allow theSediment supplementation programs, particularly

natural recruitment of sediments to streams in thein Clear Creek, need to be integrated with
North Sacramento Valley Ecological Managementdownstream channel forming processes, which

Zone. will be subject to adaptive management, as well as
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I to a different set of indicators, monitoring, and meander belts in alluvial systems function
focused research, dynamically to transport and deposit sediments

andprovide transient habitats important to algae,
Rivers with a natural shape and hydrologic aquatic invertebrates, and fish, as well as surfaces
condition generally support the most diverse that are colonized by natural vegetation that

I mixture of habitats and fish and wildlife species support wildlife. The flow regime in Clear Creek
and are the most resilient to natural or human has recently been improved by adding
disturbance, supplemental water under provisions of the

I CVPIA. This improved flow will assist in
STREAM MEANDER reactivating or reestablishing the natural stream

channel. Because of low flow releases from
PROGRAMMATIC TARGET: Preserve or restore Whiskeytown Lake in the past, vegetation has
the 50- to 100-year floodplain and existing encroached into the lower 3 miles of the active
channel meander characteristics of Clear Creek,stream channel on Clear Creek, prevented

I particularly in low-gradient areas where mostmeander, and fixed stream sediments so that they
sediment deposition occurs and where streamno longer contribute to sediment load or provide
channel meander is most pronounced, substrate for fish spawning.

I TARGET 1: Create a more defined stream NATURAL FLOODPLAIN AND
channel in the lower 8 miles of Clear Creek to FLOOD PROCESSES

I facilitate fish passage (,,~).
TARG~’r 1 : Increase and maintain the Clear

PROGRAMMATIC ACTION 1A: Develop a Creek floodplain in conjunction with stream

I cooperative program to improve lower Clear meander corridor restoration (,~,).
Creek by maintaining flow connection with the
Sacramento River and by regrading the channelPROGRAMMATIC ACTIONS 1A: Develop a

i and controlling vegetative encroachment, cooperative program, consistent with flood control
requirements, to evaluate the feasibility of altering

R~rlON~d.£" Gravel deposits in Clear and Cow stream channel configuration in the lower reach of
Creeks areessentialtomaintainingspawningand Clear Creek to increase the areal extent of

I rearing of spring-run fall-run floodplains inundated during high flow periods.habitats ~d

chinook salmon, steelhead trout, and other native
fishes. Whiskeytown Dam and extensive gravel TARGET 2: Reestablish natural floodplain andI extraction in the lower section of Clear Creek channel meander in the lower 8 miles ofstream
continue to reduce the amount of gravel transport Clear Creek (~).
to near zero; Cow Creek has only a limited

I natural supply and has been adversely affected by PROGRAMMATIC ACTION 2A’- Acquire flood-
gravel mining in its lower reach near the plains by direct purchase or easement from willing
Sacramento River. Although small, Cow Creek sellers.

I provides an important source of sediments to the
Sacramento River, particularly for the 8- to 10- ig~ TlON.Od.£: Floodplain inundation is a

mile reach between its confluence with the river secondary ecosystem process related to water and

I and themouthofCottonwoodCreek, sediment flow through the Sacramento-San
Joaquin Basin in combination with

The Clear Creek stream meander belt is the area geomorphology. Floodplain inundation is the

I in which natural bank erosion andfloodplain and seasonalflooding offloodplain habitats, including
sediment bar accretions occur. Natural stream riparian and riverine aquatic habitats. Flooding
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of these lands provides important seasonal habitat i~ TIONALE: Many species offish and wildlife in
for fish and wildlife and provides sediment and the North Sacramento Valley Ecological
nutrients to both the flooded lands and aquatic Management Zone depend on or are closely
habitats that receive the returning or abating associated with riparian habitats. Of all the
floodwater. The flooding also shapes the plant and habitat types in California, riparian habitats
animal communities in the riparian, wetland, and support the greatest diversity of wildlife species.
upland areas subject to flooding. Opportunities to Degradation and loss of riparian habitat have
restore or enhance this process are possible by substantially reduced the habitat area available
changing landscape features, geomorphology, and for associated wildlife species. Loss of this habitat
seasonal distribution of flow volume through the has reduced water storage, nutrient cycling, and
system, foodweb support functions.

HABITATS FRESHWATER FISH HABITAT AND
ESSENTIAL FISH HABITAT

RIPARIAN AND SHADED RIVERINE
AOUATIC H/M~ITATS TARGL~i" 1 : Maintain and improve existing

freshwater fish habitat and essential fish habitat
TARGET 1 : Develop a cooperative program to through the integration of actions described for

establish riparian habitat zones along streams inecological processes, habitats, and stressor
the North Sacramento Valley Ecological reduction or elimination.
Management Zone through conservation
easements, fee acquisition,or voluntary PROGRAMMATIC ACTIONS: No additional

landowner measures (,,I~). programmatic actions are recommended.

PROGRAMMATIC ACTION 1A: Develop a PoaTtON, ad.£." Freshwater fish habitat and

cooperative program to establish, restore, andessential fish habitat are evaluated in terms of
maintain riparian habitat on Clear Creek throughtheir quality and quantity. Actions described for
conservation easements, fee acquisition, orecological processes, stressor reduction, and
voluntary landowner cooperation, riparian and riverine aquatic habitat should

suffice to maintain and restore freshwater fish
PROGRAMMATIC ACTION 1 B: Encourage the habitat and essential fish habitat. For example,

development of long-term measures in themaintaining freshwater and essentialfish habitats

comprehensive watershed management plan tois governed by actions to maintain streamflow,
further improve water temperatures. Develop aimprove coarse sediment supplies, maintain
cooperative approach with counties and localstream meander, maintain or restore connectivity
agencies to implement land use management thatof creeks in the Ecological Management Zone and

protects riparian vegetation along the streams andtheir floodplains, and in maintaining and

develop programs to restore lost riparianrestoring riparianandriverineaquatichabitats.

vegetation
ELIMINATING OR REDUCING

PROGRAMMATIC ACTION I C: Cooperatively STRESSORS
negotiate long-term agreements with local
landowners to maintain and restore riparian WATER DIVERSIONS
communities along the lower reaches of Cow,
Bear, and Battle Creeks. TARGET 1 -" Reduce or eliminate conflicts

between the diversion of water and chinook

i
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I salmon and steelhead populations at all diversionsalmon and steelhead were blocked from
sites on Battle Creek (,~,). ascending the creek to prevent disease contami-

I nation of the hatchery water supply. Restoring
PROG~aa~nMATIC ACTION 1A: Develop a naturally spawning fish in the upper watershed
cooperative approach to improve conditions for will be limited until water can be supplied to the
anadromous fish in Battle Creek by installing fishhatchery in a manner that will not contribute to
screens at diversions on the North Fork, threedisease outbreaks.
diversions on the South Fork, and one diversion

I on the mainstem, or acquire water rights to DAMS AND OTHER STRUCTURES
eliminate the need for diversion and screening.

PROGRAMMATIC TARGET: Eliminate or reduce

I PROGRAMMATIC ACTION 1 B: Improve the water uses that conflict with increasing the success
survival of adult salmon and steelhead in Battleof spawning adults and survival of juvenile
Creek by installing a rack at the head of Goverchinook salmon and steelhead by managing or

I Diversion Canal to prevent straying, reconstructing facilities and structures that impair
fish passage and fish survival.

TARGET 2: Reduce or eliminate conflicts

i between the diversion of water and chinookT~d~GET 1 : Work with landowners and diverters
salmon and steelhead populations at all diversionson Cow Creek to reduce the adverse effects of
on Clear Creek (~’~). 13 seasonal diversion dams in South Cow Creek,

i 10 diversion dams in Old Cow Creek, two
PROGRAdVIMATIC ACTION 2A: Acquire water diversion dams in North Cow Creek, and one
rights on Clear Creek at the McCormick Dam to diversion dam in Clover Creek that are barriers to
eliminate the need for diversion, migrating chinook salmon and steelhead. This

would allow access to 100% of the habitat below
R~ rtONALE: Diversion, storage, and release of any natural bedrock falls (,~).
water in the Clear and Battle Creek watersheds

i directly affectfish aquatic organisms PROGRAMMATIC ACTION 1A: Improveand other
and indirectly affecthabitat, foodwebproduction, passage conditions on Cow Creek by acquiring
and species abundance and distribution. Diver- water rights from willing sellers, removing
sions cause consumptive loss of water, nutrients, diversions, providing altemative ofor sources
sediment, and organisms. Seasonal and daily water during important periods.
patterns of water released from storage may affect

I habitat, water quality, and aquatic organism TARGET 2: Work with landowners and diverters
survival. In both Clear and Battle Creeks, water on Bear Creek to reduce the adverse effects of
diversion and water diversion structures have dewatering the stream channel at seasonal

I caused direct mortality by removingjuvenilefish diversion dams, which results in no passage for
from the population. Water diversion also reduces migrating chinook salmon (~).
the quantity and quality of stream habitats and the
resiliency offishpopulations. Wherepossible, it is PROGt~d~IlVI~TIC ACTION ~,: Improve
more desirable to acquire water rights and passage and habitat conditions in Bear Creek by
eliminate the diversion than to install positive- acquiring water rights from willing sellers,

I barrier fish screenJ, evaluating the removal of diversion dams, o~
providing alternative sources of water during

Coleman National Fish Hatchery receives its important periods.

I water supply directly from Battle Creek. Because
of past incidences of disease at the hatchery, adult
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TARGET 3: Work with landowners, diverters, of permanent and seasonal dams used to divert
and other state or federal agencies managingwater for irrigation or power production. Other
Battle Creek to improve fish passage (~,I~,). human-made structures may blockftsh movement

or provide habitat or opportunities for predatory
PROGRAMMATIC Ac’rION 3A: Develop a fish and wildlife, which could be detrimental to
cooperative program to upgrade or replacefish speciesofspecialconcern, such asspring-run
existing fish ladders or evaluate the removal ofchinook salmon andsteelhead, as well as the other
diversion dams and other impediments to passage,stocks of chinook salmon, lmproved fish passage

will allow anadromous ftsh to reach the habitat
TARGET 4: Work with landowners and diverters they require to oversummer or to spawn in good
on Clear Creek to improve fish passage betweenhealth, which will increase their chances of
its mouth and Whiskeytown Dam (~). successfully spawning. Improved fish passage will

allow anadromous fish to reach the habitat they
PROGRAM~a,’rlC ACTION 4A: Develop a require to oversummer or to spawn and rear in
cooperative program to improve fish passage ongood health, which will increase their chances of
Clear Creek by upgrading or replacing the fishsuccessful spawning.
ladder at McCormick-Saeltzer Dam or removing
or modifying the dam.. HARVEST OF FISH AND WILDLIFE

T/M:IGET ~i: Reduce or eliminate conflicts inTARGI~" 1 : Develop harvest management
Battle Creek that require excluding anadromousstrategies that allow wild, naturally produced fish
fishfromtheupper section to protect the Coleman spawning populations to attain levels that fully use
National Fish Hatchery water supply (~). existing and restored habitat, and focus harvest on

hatchery-produced fish (~,~).
PROGRAMMATIC ACTION 5A: Develop an
alternative or disease-free water supply forPROGRAMMAT~CACT~ON 1A: Control illegal
Coleman National Fish Hatchery to allowharvest by providing increased enforcement
naturally spawning salmon and steelhead access toefforts.
the full 41-mile reach of Battle Creek above the
Coleman National Fish Hatchery weir. PROGRAMMATIC ACTION 1a: Develop

harvest management plans with commercial and
TARGET 6: Investigate possibility of providingrecreational fishery organizations, resource
access for steelheadto streams above management agencies, and other stakeholders to
Whiskeytown Dam (~’). meet the target.

PROGRAMMATIC ACTION 6A: Develop a PROGRAMMATIC ACTION lc: Continue the
cooperative program to investigate themass-marking program and selective harvest
feasibility/desirability of providing access toregulations for hatchery steelhead.
tributaries above Whiskeytown Dam.

PROGRAMMATIC ACTION 1D: Evaluate a
I~rlOntAt£: Dams and their associated marking and selective fishery program for chinook
reservoirs block ftsh movement, alter water salmon.
quality, remove fish and wildlife habitat, and alter
hydrological and sediment processes. Fish t~rlOlV,~.b-: Restoring and maintaining
passage in the North Sacramento Valley populations of chinook salmon and steelhead to
Ecological Management Zone is impaired in levels that fully take advantage of habitat may
Clear, Cow, Bear, and Battle Creeks by a variety require restricting harvest during and even after
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i
the recovery period Involving the various FIATIONALE: In watersheds such as the
stakeholder organizations should help to ensure a Sacramento River and Battle Creek, where dams

I balanced and fair allocation ofavailable harvest, and habitat degradation have limited natural
Target population levels may be such that existing spawning, hatchery supplementation may be
harvest levels of wild, naturally produced fish necessary. This would sustain.fishery harvest at

I cannot be sustained For populations supple- former levels and maintain a wild or naturally
mented with hatchery fish, selective fisheries may spawning population during adverse conditions,
be necessary to limit the harvest of wild fish, while such as droughts. Hatchery augmentation,

I hatchery fish are harvested at a level to reduce however, should be limited so as not to inhibit
their potential to disrupt the genetic integrity of recovery and maintenance of wild populations.
wildpopulations. Hatchery-reared salmon and steelhead may

I directly compete with and prey on wild salmon
/31d:ITIFICIAL PROPAGATION and steelhead. Hatchery fish may also threaten the

OF FISH genetic integrity of wild stocks by interbreeding

I with the wild fish. Although irreversible
TARGET 1-" Minimize the likelihood that contamination of the genetics of wild stocks has
hatchery-reared salmon and steelhead produced inoccurred, additional protective measures are
the Coleman National Fish Hatchery will straynecessary to minimize further degradation of
into non-natal streams, thereby protectinggenetic integrity. Because of the extent of
naturally produced salmon and steelhead (~’,~).development on the Sacramento River and Battle

I Creek, chinook salmon and steelhead stocking
PROGRAMMATIC ACTION 1A: Develop a may be necessary to rebuild and maintain stocks
cooperative program to evaluate the benefits ofto sustain sport and commercialfisheries.

I stocking hatchery-reared salmon and steelhead in
the Sacramento River and Battle Creek. Stocking STEELHEAD TROUT
may be reduced in years when natural production

i is high.                                       SUPPLEMENTAL TARGET 1 : Investigate the
feasibility of using native rainbow trout currently

TARGET 2-" Limit hatchery stocking if isolated above dams to rebuild or recreate a
populations of salmon or steelhead can besteelhead run.I sustained by natural production (eee).

PROGRAMMATIC ACTION 1A: Conduct a

PROGRAMMATIC ACTION 2A." Augment comprehensive, basin-wide genetic evaluation of
I chinook steelhead Central Valley steelhead stocks that includespopulationsof fall salmonand

only when alternative measures are deemedanalysis ofself-sustainingpopulationsofrainbow
insufficient to provide recovery of thetrout isolated above dams for purposes of

identi~ing a suitable broodstock.populations.

TARGET 3: Minimize further threats of hatchery PROGRAMMATIC ACTION 2A: Conduct

i fish contaminating naturally produced stocks ofhatchery/release investigations to determine if
chinook salmon and steelhead (4~). progeny of native resident rainbow trout raised in

a hatchery will emigrate to the ocean.

i PROGRAMMATIC ACTION 3A: Adopt methods
for selecting adult spawners for the hatchery fromFIATIONALE: Resident rainbow trout and
an appropriate cross-section of theadult anadromous steelhead likely comprise a single,

i population available to the hatchery, interbreeding population in specific stream
systems (IEP Steelhead Project Work Team 1999)

I
~. ~
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¯ Native, resident rainbow troutpresently isolated Interagency Ecological Program Steelhead Project
above dams could possess the genetic traits that Work Team. 1999. Monitoring, Assessment,
would allow their use as an experimental and Research on Central Valley Steelhead:
broodstock to restore steelhead.. Planned and Status of Knowledge, Review of Existing
ongoing genetic analyses, conducted through the Programs, and Assessment of Needs. in
Comprehensive Central Valley Steelhead Genetic Comprehensive Monitoring, Assessment, and
Evaluation (see ERPP Vol. 1, Species Vision for Research Program Plan, Tech. App. VII-11
Steelhead Trout) and the Fish and Wildlife Service
Upper Sacramento River Rainbow Trout Genetic The Nature Conservancy. 1995. Sacramento
Analysis, should be able to elucidate genetic Valley and foothill bioregional biological
relationships of resident and anadromous rainbow scoping project. August 1995.
trout. If it is determined that native populations
exist, experiments could be undertaken to U.S. Bureau of Reclamation and California Dept.
determine if anadromous steelhead could be of Water Resources. 1999. Effects of the
derived from an experimental hatchery Central Valley Project and State Water Project
population. If this is successful, then restoration operations from October 1998 through March
of some stocks of native Central Valley steelhead 2000 on steelhead and spring-run chinook
thought to be extinct may be achievable through salmon. Biological Assessment for ESA
this method. Section 7 consultation.
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¯ COTTONWOOD CREEK
ECOLOGICAL MANAGEMENT ZONE

the outstanding attributes of Cottonwood Creek is
its status as the largest undammed tributary on the
westside of the Sacramento Valley.

The creek spans a broad elevational range and
functions as an important regional wildlife corridor
and neotropical bird habitat. Well-developed
montane, foothill, and valley riparian forests are
found throughout the Cottonwood Creek
Ecological Management Zone, and these forests
have with the Rivergoodconnectivity Sacramento
Ecological Management Zone. One of the most
important ecological attributes of Cottonwood
Creek is its role as the primary source of coarse
sediments and spawning gravel for the Sacramento

| NTRODUCTION River. Cottonwood Creek supplies almost 85% of
the gravel introduced into the Sacramento River

The health of the Sacramento-San Joaquin Deltabetween Redding and Red Bluff.
is influenced by the interdependence and
connectivity of the component ecosystem ele-Attributes that affect the ecological health of the
ments, particularly the 14 ecological managementCottonwood Creek Ecological Management Zone
zones. The Cottonwood Creek Ecologicalinclude streamflow, coarse sediment supply, gravel
Management Zone is located many miles from therecruitment and transport, stream meander, and
Delta, but its stares and health are ultimatelyvegetation succession. Important fish and wildlife
reflected in the health of the Delta. Thehabitats include freshwater fish habitat, essential
intermediate zone between the Delta andfish habitat, gravel substrate for invertebrate
Cottonwood Creek is the Sacramento River. Theproduction and chinook salmon and steelhead
Sacramento River Ecological Management Zonespawning, riparian scrub and woodlands, and
and its respective habitats and fish, wildlife, andshaded riverine aquatic habitat.
plant assemblages depend on Cottonwood Creek,
primarily for its ability to supply sediments and
gravel to the river, but also for its seasonal
contributions of flow.

DESCRIPTION OF THE
MANAGEMENT ZONE

Cottonwood Creek drains an area of 930 square
miles on the west side of the Central Valley and
enters the Sacramento River a short distance

Location Map of the Cottonwood Creek Ecologicaldownstream of the Redding-Anderson area, Management Zone and Units.
approximately 16 miles north of Red Bluff. One of
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Cottonwood Creek has a natural flow pattern ofthe total average annual gravel load transported by
high winter and low summer and fall flows, whichCottonwood Creek, particles greater than
is typical of many Sacramento Valley streams that2.0 millimeters in diameter total approximately
originate in the foothills rather than at higher19,000 tons per year. This amount is consistent
elevations in the Cascade or Sierra Nevadawith theaverage annuai bedload of approximately
mountain ranges. In summer and fall months of65,000 tons estimated by the U.S. Geological
low rainfall years, flows average 40 to 80 cubicSurvey. The California Department of Water
feet per second [cfs]). In the wettest years, flowsResources (1980) estimated that gravel mining
in winter average 5,000 to 11,000 cfs. In winterreduced potential sand and gravel contributions to
months of dry years, average monthly flows reachthe Sacramento River by about 60%, resulting in a
only 400 to 800 cfso In the driest years, averagecalculated bedload of 20,000 tons per year, with
winter monthly flows reach only 50 to 150 cfs. 3,000 tons of particles above one-half inch in

diameter.
In .the past, streamflow in Crowley Gulch, a
tributary to lower Cottonwood Creek, was More is known about the hydrology and sediment
intermittently augmented by the release of watertransport process of Cottonwood Creek than about
from a waste gate on the Anderson-Cottonwoodthat of other streams in the northern Sacramento
Irrigation District (ACID) canal. Waste gateValley because of studies conducted for the
releases during fall have attracted chinook salmonconstruction of several dams and environmental
into an area where they became stranded andimpact reports for gravel mining projects. Bankfull
subsequently died without having spawned. Thisdischarge (i.e., with the creek full to the tops of its
problem has been eliminated by operationalbanks) has been estimated at 20,000 cfs with a
changes by ACID personnel, return interval of 1.8 years. The creek has a wide

meander belt and a braided channel with perennial
flow. The active channel width at low flow ranges
from 50 to 150 feet but reaches more than 1,500
feet at bankfull discharge. The channel banks are
mostly sand, gravel, and cobbles. The width of the
floodplain varies, but it is generally wider and
more poorly defined downstream. Sinuosity values
(i.e., the ratio of creek length to the linear distance
over which the creek travels) for Cottonwood
Creek are low, ranging from 1.04 to 1.47. The low
degree of sinuosity is attributable primarily to the
high gravel and low silt and clay content of the
bank material. The main channel tends to change
course during large floods, resulting in a fairly
wide belt of distributary channels and abandoned

Historical Streamflow of Cottonwood Creek, 1952-1992 stream courses.

(Dry year is the 20th percentile year; normal year is the 50th
percentile year.) Some of the fish, wildlife, and plant resources

dependent on the ecological health of Cottonwood
The estimated mean annual suspended sedimentCreek are fall-run, late-fall-run, and spring-run
load transported from the Cottonwood Creek basinchinook salmon and steelhead trout. Although
is second only to that of Cache Creek in thenorthern spotted owls, northwestern pond turtles,
Sacramento River basin below Shasta Dam. Theand foothill yellow-legged frogs in the South Fork
U.S. Army Corps of Engineers estimates that, ofwill benefit from proposed restoration actions,
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these species are not a direct focus of actions inareas, and discharges of decomposed granite from
the Cottonwood Creek Ecological ManagementRainbow Dam are also sources of sediment.
Zone.

Streamflow, coarse sediment supply, and stream
The use of Cottonwood Creek by chinook salmonmeander are closely linked. Together, these
and steelhead trout is determined by the timing ofprocesses support and promote the regeneration of
rainfall. In years when storms arrive late in thehealthy riparian and riverine plant communities.
season, the migration of salmon and steelhead isImportant restoration components include pro-
delayed. In some years, early rainfall allowstecting the floodplain and existing stream meander
salmon to enter the creek and spawn, butcharacteristics ofCottonwoodCreek.
subsequent low winter and spring flows limit the
production of young salmon. Important functions of the upper watershed of

Cottonwood Creek are to moderate streamflows
The average annual return of fall-run salmon isresulting from storm events and to provide high
approximately 1,000 to 1,500 adults but hasquality water to the Sacramento River and Delta.
ranged from a few hundred to more thanErosion from timber harvest, road building, and the
8,000 fish. The return of late-fall-run salmon isadverse affects of grazing practices diminish the
much smaller, consisting of fewer than 500 fishwatershed’s ability to moderate flows and provide
each year. The late-fall-run salmon enterhigh quality water. The potential for catastrophic
Cottonwood Creek and spawn in the main stemwildfire can be reduced by fuel management
and lower reaches of the North, Middle, and Southprograms.
Forks of the creek.

Cottonwood Creek has an extensive riparian and
10.00o .~ ........................................................

I
riverine aquatic plant community that can be
enhanced by improved land management and8,000 J
maintenance of natural sediment supply. Denuded
areas need an opportunity to regenerate, and

4,ooo ~                                         existing riparian forest needs protection.

,,ooo ~ Water conveyance structures in the lower sections
impair upstream passageof CottonwoodCreek the

~!---- of adult chinook salmon and steelhead. Restoring

I natural sediment supply can alleviate these prob-
lems over time and permit unobstructed access toFall-run ChinookSalmonReturnsto CottonwoodCreek,

1953-1997. important aquatic habitats.

Salmon spawning gravel habitat in the lowerExtensive gravel mining in Cottonwood Creek has
reaches of Cottonwood Creek has been degraded,damaged spawning habitat and significantly
Some areas are covered entirely with sand and silt,reduced gravel recruitment to the Sacramento
and others are compacted with sediments or haveRiver. In addition, gravel mining creates passage
become armored. Silt in Cottonwood Creek isand stranding problems for fish by allowing the
derived from many sources; some of these sourcescreek to spread over the large extraction area.
are natural, but most are a result of undesirable
land use practices, including timber harvesting andDuring spring, low flows and high water temp-
road-building activities on private and public landeratures may impede or prevent the upstream
in the upper watershed. Overgrazing, wildfires,migration of adult spring-run chinook salmon to
extensive land clearing in the foothill and valleysummer holding areas.
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The Cottonwood Creek Ecological Managementas their principal holding area. The length of the
Zone includes two ecological management units:stream system below natural fish barriers is 130
the Upper Cottonwood Creek Ecological linear miles, which includes the three main forks of
Management Unit and the Lower Cottonwoodthe creek and Beegum Creek.
Creek Fan Ecological Management Unit.

Spring-run chinook salmon enter Cottonwood
LIST OF SPECIES TO BENEFIT FROM Creek and migrate to the headwaters of the South

RESTORATION .~,CTIONS IN TIlE and Middle Forks during April, May, and June. The

COTTONWOOD CREEK ECOLOGICAL two principal holding areas are the South Fork

MANAGEMENT ZONE above Maple Gulch and Beegum Creek, a tributary
to the Middle Fork. During spring of drier years,

¯ chinook salmon low flows and high water temperatures may impede
¯ steelhead trout or prevent the upstream migration of adult spring-
¯ lamprey run salmon to summer holding areas. There are no

¯ native anuran amphibians recent estimates of spring-run chinook populations;

¯ native resident fishes however, historic runs averaged approximately 500
¯ neotropical migratory birds salmon.
¯ plants and plant communities.

Steelhead trout enter Cottonwood Creek during late
fall and early winter and spawn during winter and

DESCRIPTIONS OF spring. The upper reaches of the Middle Fork,
ECOLOGICAL MANAGEMENT Beegum Creek, and the South Fork provide

U NITS spawning and nursery areas. There are no recent
estimates of steelhead populations for Cottonwood

UPPER COTTONWOOD CREEK Creek. The creek also supports resident rainbow
trout and brown trout in the upper tributaries.

The Upper Cottonwood Creek Ecological
Management Unit provides the streamflow and LOWER COTTONWOOD CREEK
coarse sediments needed to maintain the overall
ecological health of lower Cottonwood Creek andThe Lower Cottonwood Creek Ecological
the Sacramento River. Important stream reaches inManagement Zone can provide important spawning
the Upper Cottonwood Creek Ecologicalareas for fall- and late-fall-run chinook salmon.
Management Unit include the South and NorthGravel transport through lower Cottonwood Creek
Forks of Cottonwood Creek, Beegum Creek, and is a significant ecological function and sufficient
the mainstem reach of Cottonwood Creek abovestreamflows are needed to provide sediment
the confluence with the South Fork. The Uppertransport and gravel cleansing. A long-term effort
CottonwoodCreekEcologicalManagementUnit will be implemented to restore and maintain plant
can sustain important migration, holding,communities along the creek.
spawning, rearing, and emigration habitats for fish
and wildlife species if streamflows are maintainedSalmon spawning areas in the lower reaches of
and watersheds are rehabilitated. Cottonwood Creek have been degraded. Some

areas are entirely covered with sand and silt, and
The South Fork of Cottonwood Creek containsothers are compacted with sediments or have
good to outstanding riparian vegetation in thebecome armored during floodflows. Sedimentation
foothills and lower stretches. Spring-run chinookbinds the gravel together, which prevents salmon
salmon and steelhead trout can migrate to thefrom creating redds (salmon spawning nests); it
headwaters of the South Fork, using Maple Gulchalso reduces intergravel oxygen transport, so eggs
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I deposited in the gravel do not survive. Armoringwatershed diversions, logging, and grazing are
results when gravel is washed away during floods,reduced.

I leaving rocks and boulders too large for salmon to
move during spawning. VISION FOR UPPER COTTONWOOD

CREEK

I Gravel has been mined in the lower CottonwoodThe vision for the Upper Cottonwood Creek
Creek fan for many years. Gravel extractionEcological Management Zone is to maintain coarse
damages spawning areas in the creek and reducessediment recruitment, cleansing, and transport;

I the recruitment of spawning gravel to theimprove habitat for chinook salmon, steelhead
Sacramento River. Two major instream graveltrout, and other native fishes; improve habitat
extraction projects operate in Cottonwood Creekcorridors for wildlife populations; and restore

I below the Interstate 5 bridge, riparian and riverine plant communities through
improved land use and forest management

VISIONS FOR THE practices.

I ECOLOGICAL The Cottonwood Creek watershed is a high-value
MANAGEMENT ZONE AND area, both because it is a distinct Ecological

I U N ITS Management Zone and because of its linkage with
the Sacramento River Ecological Management
Zone. Restoring and maintaining ecological

The vision for the Cottonwood Creek Ecologicalprocesses and functions related to streamflow,
Management Zone is to restore natural streamflowsediment supply, gravel recruitment, cleansing, and
patterns, coarse sediment supply, naturaltransport, and the creation and maintenance of
floodplain and flood processes, and riparian foresthabitats can best be achieved by developing andI and riverine aquatic habitats. In addition, theimplementing alocalwatershedmanagement plan.
proposed restoration actions are designed toThe creation of a watershed management plan by a
reduce or eliminate to the extent necessarylocal watershed conservancy or planning agency is

I necessary. This planning effort would evaluate andstressors that impair ecological processes,
including gravel mining operations, structures thatdevelop recommendations for timber harvesting,
inhibit chinook salmon and steelhead troutland use, fire and fire suppression, and theI migrations, and land use activities (e.g., water of oak woodland habitats reducemanagement to
diversions, logging, and grazing), erosion, maintain riparian zones, and provide for

more sustained runoff patterns.I A restored Cottonwood Creek will provide
incremental benefits to the overall objective of

VISION FOR LOWERrestoring and maintaining important aquatic
COTTONWOOD CREEKI species, such as chinook salmon and steelhead

trout, in Cottonwood Creek and in the Sacramento
The vision for the Lower Cottonwood CreekRiver. With restoration, Cottonwood Creek

i Ecological Management Zone will support
Ecological Management Zone is to restore,

sustainable populations of fall-, late-fall-, and
reactivate, and maintain coarse sediment supply,

spring-run chinook salmon and steelhead trout
floodplain and flood processes, gravel recruitment,
and stream meander. The vision also includes

I after natural sediment supply and gravel recruit- thesereducingstressors includingon processes,ment, cleansing, and transport processes are
reactivated; gravel spawning and riparian habitats

gravel mining activities in the Cottonwood Creek
stream corridor.

I are restored; and the adverse effects of upper

I
~ ~
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Instream gravel extraction should be managed tothese processes will moderate channel incision and
protect salmon spawning and rearing habitatscour by providing areas for bank overflow,
within Cottonwood Creek and to maintain andcontribute to species diversity by creating
enhance sediment supply to the Sacramento River.landforms that support different community
Implementing such management would result instructure, provide low-velocity refuge for fish and
immediate benefits to salmon in Cottonwoodother aquatic organisms during floods.
Creek and the Sacramento River. Spawning gravel
is a finite resource in the Sacramento River VISIONS FOR HABITATS
system, and Cottonwood Creek contains one of
the most important reserves. RIPARIAN AND RIVERINE AOUATIC

HABITATS: Health riparian habitat provides a
VISIONS FOR migratory corridor for terrestrial species that

ECOLOGICAL PROCESSES connects low and higher elevation habitats. Shaded
riverine aquatic habitat provides shade, contributes

CENTRAL VALLEY STREAMFLOWS: to moderating stream temperatures, and provides

Streamflows shape the stream channels, supportwoody debris, which juvenile fish use as escape
riparian vegetation, and transport nutrients andand resting cover. The vision is that Cottonwood
sediments. The vision for streamflows inCreek will support healthy riparian, shaded riverine
Cottonwood Creek is to emulate the natural runoffaquatic and woody debris habitats, which in turn
pattern with a late-summer or early fall flowwill support improved survival of aquatic and

event, terrestrial species.

COARSE SEDIMENT SUPPLY: Coarse FRESHWATER FISH HABITAT: Freshwater fish

sediments are abundant in Cottonwood Creek;habitat is an important component needed to
however, gravel recruitment has diminishedensure the sustainability of resident native and
because of extensive mining activities. The visionanadromous fish species. Upper Cottonwood Creek
is that restoring natural gravel recruitment andis typical of a salmon-steelhead stream and lower
sediment transport processes will contribute toCottonwood Creek is typical of a fall chinook

maintaining important habitat substrates andsalmon spawning stream (Moyle and Ellison 1991).
ecological processes in Cottonwood Creek and theThe vision is to maintain the quality of freshwater
Sacramento River. fish habitat in Cottonwood Creek through actions

directed at streamflows, coarse sediment supply,
STREAM MEANDER: In unimpaired systems, stream meander, natural floodplain and flood
streams meander within their historic floodplains,processes, and maintaining and restoring riparian

This meander contributes sediments for transportand riverine aquatic habitats.
and deposition, rejuvenates riparian succession,
and creates new habitats for fish and other aquaticESSENTtm. FISH H/M~ITAT: Cottonwood Creek

species. The vision is that a natural streamhas been identified as Essential Fish Habitat (EFH)
meander process will provide much of the habitatbased on the definition of waters currently or

needed to support healthy riparian systems,historically accessible to salmon (National Marine

wildlife, and aquatic species. Fisheries Service 1998). The vision is to maintain
or restore EFH in Cottonwood Creek including
substrate composition; water quality; waterNATUFL~L FLOODPLAIN AND FLOOD

PROCESSES: Coarse sediment supply, streamquantity, depth and velocity; channel gradient and
meander, and floodplain and flood processes arestability; food; cover and habitat complexity; space;
closelyinterrelated. The vision is that all three of

¯
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I access and passage; and flood plain and habitatregarding their status, distribution, and abundance,
connectivity, the vision is that additional monitoring or research

I will provide the data necessary to better manage
VISION FOR REDUCING OR these species and their habitat.

ELIMINATING STRESSORSI NATIVE ANURAN AMPHIBIANS: The vision for
the native anuran species is to stop habitat loss and

G~VEL MINING: Coarse sediment supply in the introduction of other species that prey on the

i Cottonwood Creek is adversely affected by graveldifferent life stages of these amphibians. Ongoing
mining. This lack of instream sediments affectssurveys to monitor known populations and find
stream channel morphology, stream meander, andadditional populations is essential to gauge the

i riparian systems. The vision for Cottonwoodhealth of the species in this group. To stabilize andCreek is that gravel mining activities will be
increase anuran populations, non-native predatorrelocated to areas outside the active stream

channel,
species should be eliminated from historic habitat

I ranges. Increasing suitable habitat and maintaining
clean water supplies that meet the needs of the

VISIONS FOR SPECIES various species in this group is essential.

I CHINOOK SALMON: The vision for Central NATIVE RESIDENT FISH: The vision for native
Valley chinook salmon is to recover all stocksresident fish species is to maintain and restore by

i presently listed or proposed for listing under ESAdistribution and abundance of species such as
and CESA, achieve naturally spawning populationSacramento blackfish, hardhead, tule perch,
levels that support and maintain ocean commercialSacramento sucker, and California roach.
and ocean and inland recreational fisheries, andI that use fully existing and restored habitats. TheNEOTROPICALMIGRATORYBIRDS: Thevision
fall-, spring-, and late-fall-runs of chinook salmonfor neotropical migratory birds is to maintain and
depend on Cottonwood Creek’s streamflow,increase populations through restoring habitats onI natural sediment supply, and riverine aquaticwhichtheydepend.
habitats. The vision is that Cottonwood Creek will
provide for sustainable chinook salmonPLANT SPECIES AND COMMUNITIES: The

I populations, vision for plan species and communities is to
protect and restore these resources in conjunction

STEELHE,a~: The visions of steelhead is towith efforts to protect and restore wetland and

I recover this species listed as threatened underriparian and riverine aquatic habitats.
ESA. Steel.head use Cottonwood Creek and will
benefit from many ofthe actions that will improve INTEGRATION WITH OTHERI conditions for chinook salmon. The vision is that
Cottonwood Creek will support a sustainable RESTORATION PROGRAMS
steelhead population.

I Maintaining and restoring the ecological health of
LAMPREY: The vision for lamprey is to maintainthe Cottonwood Creek Ecological Management
and restore population distribution and abundanceZone and its respective Ecological Management

I to higher levels that at present. The vision is alsoZones will depend primarily on cooperative
to better understand life history and factors inendeavors to locate alternative sources of water in
Cottonwood Creek which influence abundance,the upper watershed and to eliminate gravel

I Lamprey are a California species of specialextraction operations in the lower creek.
concern. Because of limited information
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WATERSHED MANAGEMENT the Central Valley Project. It required the imple-
PLANNING mentation of a program that makes all reasonable

efforts to increase the natural production of
Restoration of this Ecological ManagementZoneanadromous fish in Central Valley rivers and
requires developing and implementing astreams to not less that twice the average levels
comprehensive watershed management programpresent from 1967to 1991.
for the upper and lower areas. Eliminating gravel
extraction operations will increase the delivery ofThe U.S. Fish and Wildlife Service (USFWS) and
sediments to the Sacramento River, improvethe Bureau of Reclamation (Reclamation) are
upstream fish passage, improve spawning habitatimplementing the CVPIA, which provides for
for chinook salmon using the lower reach, andrestoring habitats and species and eliminating many
allow for restoring a riparian corridor and a clearlystressors. Key elements of the CVPIA program
defined stream channel. Improved watershedinclude the Anadromous Fish Restoration Program
management in the upper watershed will protect(USFWS 1995) and the Anadromous Fish
streamflow, gravel sources, spawning and rearingScreening Program. Other elements are directed at
habitat of salmon and steelhead, and wildlifespawning gravel replenishment on the Sacramento
habitats. River below Keswick Dam, water acquisition, and

other measures that will contribute to health of the
AGGREGATE RESOURCE Cottonwood Creek, Sacramento River and

MANAGEMENT PLAN Sacramento-San Joaquin Delta Ecological
Management Zones.

In attaining the vision for the Cottonwood Creek
Ecological Management Zone, ERPP encouragesSALMON, STEELHEAD TROUT AND
gravel operators and the local counties to ANADROMOUS FISHERIES
cooperatively develop and implement an PROGRAM ACT
aggregate resource management plan (ARMP).
Potential measures in a county wide ARMP wouldEstablished in 1988 by Senate Bill 2261, this Act
include recommendations or requirements for: directs the California Department of Fish and

Game (DFG) to implement measures to double the
¯ limiting instream extraction to less than thenumbers of salmon and steelhead present in the

sustained yield of the system while providingCentral Valley (DFG 1993, 1996). The DFG’s
sediment input to the Sacramento River, salmon and steelhead restoration program includes

cooperative efforts with local governments and
¯ implementing measures to prevent channelprivate landowners to identify problem areas and to

incision, such as installing stream gradeassist in obtaining funding for feasibility studies,
control structures, and environmental permitting, and project construction.

¯ revegetating all permanently exposed landCALFED BAY-DELTA PROGRAM
that has been denuded by mining operations.

CALFED has fundedtwo ecosystem restoration
CENTRAL VALLEY PROJECT projects in Cottonwood Creek. One project funded

IMPROVEMENT ACT the formation of a watershed group and another
funded restoration of the creek channel.

The Central Valley Project Improvement Act
(CVPIA) added "mitigation, protection and
restoration of fish and wildlife" as a purpose of
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I
I

LINKAGE TO OTHER purchasing water from willing sellers and

ECOLOGICAL
developing alternative supplies.

MANAGEMENT ZONES R4TIO~E: The streams in the Cottonwood
Creek Ecological Management Zone provide

I Cottonwood Creek can support larger populations extremely valuable habitat for spring-run chinook

of fall-, late-fall-, and spring-run chinook salmon salmon and steelhead trout and for fall-run chinook

and steelhead trout, but there are many stressors salmon in some years. One of the key attributes of

I outside the Cottonwood Creek Ecological streamflow in this EcologicalManagement Zone is

Management Zone that impair or reduce the to provide for successful upstream passage of adult

survival of adult and juvenile chinook and fish and fish spawning. In some years, flows are

I steelhead. Restoration efforts in the Sacramento insufficient to provide fish passage or recede too

River, Sacramento-San Joaquin Delta, and Suisun quickly after fish spawn and expose or dewater

Marsh/San Francisco Bay Ecological Management redds containing incubating eggs or sac fry. In

Zones will all contribute to improved returns of addition, flow in Cottonwood Creek is the power

adult fish. that drives many ecological functions and
processes linked to stream channel morphology,

I In addition, the gravel recruitment, cleansing, and sediment transport and gravel recruitment,

transport functions of Cottonwood Creek are riparian communities, andfish habitat.

critical to maintaining the long-term ecological
health of the Sacramento River Ecological Instreamflow needs on Cottonwood Creek should

Management Zone and the fish, wildlife, and plant be subject to focused research to determine if the

resources that it supports, proposed flow increase of 20 to 50 cfs is

i appropriate.

RESTORATION TARGETS         COARSE SEDIMENT SUPPLY
AND PROGRAMMATIC

I ACTIONS T~d=IGET 1 : Maintain existing levels of erosion
and gravel recruitment in streams in the Cotton-
wood Creek Ecological Management Zone, and

! ECOLOGICAL PROCESSES provide for increasing the transport of these
sediments to the Sacramento River by an average

CENTRAL ~/’ALLEY STFIEAMFLOVdS of 30,000 to 40,000 tons per year (4~,,).

I TARGET 1: During summer and fall, more PROGRAMMATIC ACTION 1A: Cooperatively
closely emulate the seasonal streamflow pattern, develop and implement a gravel management

i so that flows are sufficient for chinook salmon program for Cottonwood Creek. The program
holding and spawning in most year types by would protect and maintain important ecological
providing up to 20 to 50 cfs. These flows can processes and functions related to sediment supply,

I mobilize and transport sediments, allow upstream gravel recruitment, and gravel cleansing and
and downstream fish passage, create point bars, transport. This would involve working with state
and contribute to stream channel meander and and local agencies and gravel operators to protect

-i riparian vegetation succession (4~). spawning gravel and enhance recruitment of
’,l spawning gravel to the Sacramento River in the

__ PROGRAMMATIC ACTION 1A: Augment valley sections of Cottonwood Creek.

I summer and fall flow in Cottonwood Creek by
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PROGRAMMATIC ACTION 1 B: Cooperate with lures and stream vegetation. Gravel deposits in the
the aggregate resource industry to relocatelower South Fork and in the mainstem below the
existing gravel operations on Cottonwood CreekSouth Fork have been adversely affected by
to areas outside of the active stream channel, sedimentation from upstream sources in the

watershed Mechanical means will be used
TARGET 2: Repair and rehabilitate spawninginfrequently to free excessive quantities of fine
gravels in 10 to 20 miles of the lower South Forksediments from the gravel substrates until upstream
and mainstem of Cottonwood Creek (~.). sources of sediment have been reduced or

eliminated through watershed management and
PROGRAMMATIC ACTION 2A: In the short restoration.
term, develop a cooperative program to rip and
clean or reconstruct important salmon spawning STREAM MEANDER
riffles on the South Fork Cottonwood Creek and
on lower Cottonwood Creek below the SouthT, aa~GL~" .l "- Preserve or restore the 50- to 100-year
Fork. floodplain and existing channel meander charac-

teristics of streams in the Cottonwood Creek
F~t T/ONALE: Gravel deposits in the lower South Ecological Management Zone, particularly in low-
Fork and in the mainstem below the South Fork gradient areas throughout the lower 20 miles where
are essential to maintaining spawning and rearing most deposition occurs and where stream channel
habitats of spring-run and fall-run chinook meander is most pronounced (,~).
salmon, steelhead trout, and other native fishes.
Historically, Cottonwood Creek was one of the PaOGaAMMATIC Ae’rlON ’lA: Cooperatively
most important sources of gravel to the evaluate reestablishing the floodplain along the
Sacramento River. Since Shasta Dam was lower reach of Cottonwood Creek, and evaluate
completed in the 1940s, Cottonwood Creek has constructing setback levees to reactivate channel
become the single largest contributor of coarse meander in areas presently confined by levees.
sediments. Improving and maintaining sediment
sources and transport capabilities of this stream PROGRAMMATIC ACTION 1 B: In the short
are essential components necessary to restore and term, develop a cooperative program to
maintain the ecological health of the Sacramento mechanically create a more defined stream channel
River. in lower Cottonwood Creek. This would facilitate

fish passage by minimizing water infiltration
Gravel transport is the process whereby flows through the streambed and maintaining flow
carry away finer sediments that fill gravbl connectivity with the Sacramento River until
interstices (i.e., spaces between cobbles). Gravel natural meander returns.
cleansing is the process whereby flows transport,
grade, and scour gravel. Gravel transport and ~ TION~.LE: Stream meander belts are the area
cleansing by flushing most of the fines and the in which natural bank erosion and floodplain and
movement ofbedload(theloadofmaterialcarried sediment bar accretions occur along stream
downstream in the streambed byfiow) are impor- courses. Natural stream meander in Cottonwood
tent to maintaining the amount and distribution of Creek functions dynamically to transport and
spawning habitat in the Cottonwood Creek basin, deposit sediments and provide transient habitats
Although these processes have been greatly important to algae, aquatic invertebrates, and fish.
reduced or altered as a result of human activities, Meander also creates surfaces that are colonized
they can be restored and maintained by changing by natural vegetation that support wildlife.
water flow and sediment supplies, removing Cottonwood Creek is a nondammed tributary and
stressors, or directly manipulating channel fea-

~ ~
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a significantsource ofsediment to the Sacramento PROGi~d~IMATIC ACTION 1 C: Cooperatively
River. To maintain the creek’s natural stream evaluate the development of a watershed
channel and fluvial dynamic processes and to management program that could contribute to
provide long-term resilience for its watershed and improved runoff patterns in the Upper Cottonwood
stream channel processes in the Sacramento Creek Ecological Management Unit.
River, Cottonwood Creek shouM be fully restored
and protected. T,a~G~’r 2: Protect, restore, and maintain the

Cottonwood Creek watershed by eliminating
NATURAL FLOODPLAINS/M~iD conflict between land use practices and watershed

FLOOD PROCESSES health (~,,).

T/~GET 1 : Develop a cooperative program toPROGI~dVIMATIC ACTION 2A: Cooperatively
identify opportunities to allow Cottonwood Creekwork with landowners and federal land manage-
to seasonally inundate its floodplain, ment agencies to facilitate watershed protection and

I restoration and reduce siltation to improve holding,
PROGRAMMATIC ACTION 1A." Conduct a spawning, and rearing habitats for salmonids.
feasibility study to determine means by which to

i increase floodplain interactions on lowerPROGRAMMATIC ACTION 2B-" Develop a
Cottonwood Creek. cooperative program to implement improved

fencing, grazing, and other land management

I PROGRAMMATIC ACTION 1B: Minimize practices on private and national forest lands, and
adverse effects of permanent structures such asencourage local counties to adopt stronger grading
bridges on floodplain processes, and road building ordinances to control erosion.

RATIONALE." Natural functioning floodplain RATIONALE." Resolving conflicts regarding land
processes on Cottonwood Creek are equally use in the Cottonwood Creek Ecological

I important with stream meander and natural ManagementZonemuststressecosystemprocesses
sediment supply. A conceptual model of these and functions, habitats, and aquatic and terrestrial
interactions needs to be developed to further organisms. Land use activities that may be harmful
understand the dynamic structure of Cottonwood include urban and industrial development, land

i Creek and to allow the design and implementation reclamation,water conveyance facilities,livestock
of future actions to protect and restore these grazing, and agriculturalpractices.
importantecological functions.I Improved watershed processes will maintain and
TARGET 1 : Restore upper watershed healthrestore seasonal water runoff patterns, water yield,

(’I~). and water quality and reduce sediment load to

I downstream storage reservoirs (reducing storage
PROGRAMMATIC ACTION 1A: Reduce capacity and improving water quality). Healthier
excessive fire fuel loads in upper watersheds, watersheds will also provide ancillary benefits to

I upper watershed habitats and species.
PROGRAMMATIC ACTION 1 B: Improve
forestry management practices, including timber

i harvest, road building and maintenance, and
livestock grazing practices.

!
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HABITATS FRESHWATER FISH HABITAT AND
ESSENTIAL FISH HABITAT

RIPARIAN AND RIVERINE AQUATIC
HABITATS TARGET 1: Maintain and improve existing

freshwater fish habitat and essential fish habitat

TARGET 1 : Develop a cooperative program to through the integration of actions described for

establish a continuous 130-mile riparian habitat ecological processes, habitats, and stressor

zone along upper and lower Cottonwood Creek reduction or elimination.

and its tributaries through conservation easements,
fee acquisition, or voluntary landowner measures PROG~~TIC ACTIONS: No additional

(~..). programmatic actions are recommended.

P~u4TIONALE: Freshwater fish habitat andPROG~a, MMATIC ACTION 1A: Develop a
cooperative program to establish, restore, and essential fish habitat are evaluated in terms of their

maintain riparian habitat on Cottonwood Creek quality and quantity. Actions described for

through conservation easements, fee acquisition, Cottonwood Creek ecologicalprocesses, stressor

or, voluntary landowner cooperation, reduction, and riparian and riverine aquatic
habitat should suffice to maintain and restore

PROGI~,MMATIC ACTION 1 B: Encourage the freshwater fish habitats. For example, maintaining
development of long-term measures in the freshwater and essential fish habitats is governed

comprehensive watershed management plan to by actions to maintain streamflow, improve coarse

further improve water temperatures. Develop a sediment supplies, maintain stream meander,

cooperative approach with counties and local maintain or restore connectivity of Cottonwood

agencies to implement land use management to Creek and its floodplain, and in maintaining and

protect riparian vegetation along the streams, restoring riparianandriverine aquatic habitats.

Develop programs to restore lost riparian
vegetation. REDUCING OR ELIMINATING

STRESSORS
PROGRAMMATIC ACTION 1C: Cooperatively
negotiate long-term agreements with local DAMS AND OTHER STRUCTURES
landowners to maintain and restore riparian com-
munities along the lower reaches of Cottonwood Tm~tGt=T 1 : Facilitate passage of steelhead and
Creek. spring-run chinook salmon to the holding,

spawning, and rearing habitat in the higher
RATIONALE: Many species of wildlife in the elevation reaches and tributaries.
Cottonwood Creek watershed depend on or are
closely associated with riparian habitats. Of all PROGRAMMATIC ACTION 1A: Begin an
the habitat types in California, riparian habitats evaluation of structures (such as culverts, bridge
support the greatest diversity of wildlife species, abutments, grade control structures, etc.) that may
Degradation and loss of riparian habitat have be impeding or hindering migration to the high
substantially reduced the habitat area available quality upstream habitat and implement measures
for associated wildlife species. Loss of this habitat to facilitate upstream passage.
has reduced water storage, nutrient cycling, and
foodweb support functions. ~L~tTlOm, Od.E: Because Cottonwood Creek and its

tributaries have no major dams, this system
represents one of the best opportunities to restore

Volume I1: Ecosystem Restoration Program Plan ¯Cottonwood Creek Ecological Management Zone Vision
June 1999

225

i

C--01 9655
C-019655



I steelhead and spring-run chinook salmon to the U.S. Fish and Wildlife Service. 1997. Revised draft
mid- to high-elevation habitats on which they anadromous fish restoration plan: a plan to

I depend. However, even in the absence of large increase natural production ofanadromous fish
.impassable dams, migration of adults can be in the Central Valley of California. May 30,
impaired by smaller structures, such as culverts 1997.
and road grade control structures, that may not be
complete barriers to migration but can hinder
migration at low flows. Also, the cumulative effect

I of numerous structures can cause significant
delays in migration, which can reduce survival.
Restoring viable populations of steelhead and

I spring-run chinook to this system would
contribute significantly to the over-all recovery of
these fish in the Central Valley.

i          REFERENCES USED TO

DEVELOP VISION FOR THE

I COTTONWOOD CREEK
ECOLOGICAL MANAGEMENT

I ZONE

California Department of Fish and Game. 1993.

I Restoring Central Valley streams: a plan for
action. November 1993.

i California Department of Water Resources. 1994.
Use of alternative gravel sources for fishery
restoration and riparian enhancement in
Shasta and Tehama Counties, California.

I August 1994.

Moyle, P.B., and J.P. Ellison. 1991. A

I conservation oriented classification system for
the inland waters of California. California
Fish and Game 77(4): 161-180.

I           National Marine Fisheries Service. 1998. Draft

proposed recommendations for amendment 14

I to the Pacific Coast salmon plan for essential
fish habitat. March 26, 1998.

I The Nature Conservancy. 1995. Sacramento
Valley and foothill bioregion biological
seeping project. August 1, 1996.
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| COLUSA BASIN ECOLOGICAL
MANAGEMENT ZONE

i privately owned wetlands in the Sacramento

,//_.~_);~....~~ ~~

Valley. The Colusa Basin Drainage area contains
vital waterfowl and wetland habitats, contributes

I ~~-"-- " to the filtering of agricultural return flow, and has potential for riparian restoration. The wetlands
. along the drain provide important habitat for

I
~’~F~’~II’I~:’~J--"-"~’~’)

endangered and threatened species. The Colusa

~~
National Wildlife Refuge has some of the highest
concentrations of giant garter snake in the Central

I

~

Valley.

DESCRIPTION OF THE

I
MANAGEMENT ZONE

The Colusa Basin Ecological Management Zone

I N T R O D U CT I O NI is extensivehydrologicand geographicarea
west of the Sacramento River between
Cottonwood Creek to the north and Cache CreekThe long-term ecological health of the Delta

depends on the health of its component parts. Theto the south. This zone is divided into the Stony

Colusa Basin Ecological Management ZoneCreek, Elder Creek, Thomes Creek, and Colusa
Basin Ecological Management Units.contribution to the health of the Sacramento-SanI Delta and Sacramento RiverJoaquin Ecological

Management Zones will increase after its ~ ~
ecological processes, habitats, and ability to ~

I sustainable fish, wildlife, and plantsupport
communities are improved. The Colusa Basin
Ecological Management Zone supports the Bay-

I Delta by contributing flow and sediment, and by
providing riparian and riverine aquatic and
wetland habitat that supports a wide variety of

!
wildlife.

The streams in this Ecological Management Zone

I provide seasonally important rearing habitat for Location Map of the Colusa Basin Ecological Management Zone

many fish species found in the Sacramento River.
and Units.

I The Colusa Basin Ecological Management ZoneProtecting and improving important ecological

is one of the primary waterfowl and wetlandprocesses and functions will help to maintain ¯

migratory birds migration and wintering areas ofimportant attributes of the Colusa Basin

I the Pacific Flyway. The Zone contains threeEcological Management Zone, and preserve its

National Wildlife Refuges and some criticalability to serve as a source of sediment and
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nutrients to the Sacramento River Ecological I~ESCRIPTIONS OF
Management Zone.

ECOLOGICAL MANAGEMENT

Important ecological processes needed to provide U N ITS
a healthy ecosystem in the Colusa Basin
Ecological Management Zone and contribute to STONY CREEK ECOLOGIC/M.

the health of the Sacramento River are the MANAGEMENT UNIT

streamflow patterns of the basin and natural
sediment supply. Stony Creek is a westside stream originating in the

Coast Ranges and draining into the Sacramento
River south of Hamilton City. Three storageThe three largest tributary streams in this zone

(Stony, Elder, and Thomes creeks) all dischargereservoirs are located in the watershed. The
into the Sacramento River. The Colusa Basinprimary focus area on Stony Creek is the stream

maintains some of its historic capacity to retainreach below Black Butte Dam. This includes
and detain floodwater. It captures the seasonalStony Creek from Black Butte Dam to Interstate
inflow from small westside tributaries that flowHighway 5 (I-5), I-5 to Highway 45, and Highway

into it. 45 to the confluence with the Sacramento River.

The soils underlying the Stony, Elder, and ThomesStony Creek has a seasonal run off pattern of
Creek watershed are important sediment sourceshigh winter and very low summer and fall flows,
to the Sacramento River. typical of western Sacramento Valley foothill

streams. Unimpaired summer and early fall flows
The Colusa Basin is a particularly important areaare 0 cubic feet per second (cfs) for 8-9 months,

for waterfowl and shorebirds and can provide aexcept in high rainfall years.
substantial amount of seasonally flooded
wintering habitat. Summer and fall flows are higher than unimpaired

flows as water is delivered below Black Butte
Dam for agricultural use. These flows generallyLIST OF SPECIES TO BENEFIT FROM

RESTORATION ACTIONS IN THE exceed 100 cfs in summer except in the driest

COLUSA BASIN ECOLOGICAL years, when flows of only 10 to 30 cfs are
M/M~iAGEMENT ZONE released. Fall flows are generally less than 100 cfs

except in the wettest years. Essentially no surface
¯ lamprey flows reach the Sacramento River during the

summer and fall.
¯ giant garter snake

Water is diverted from several locations along the
¯ native anuran amphibians Stony Creek system below Black Butte Dam.

About 150 cfs is diverted for irrigation from Black
¯ native resident fishes Butte Reservoir into the North Diversion Canal.

Additional water is diverted at the South
¯ neotropical migratory birds Diversion Canal, into the Tehama-Colusa Canal

(TCC) east of Orland, and into the Glenn-Colusa
¯ waterfowl Canal before the creek enters the Sacramento

River.
¯ plants and plant communities.

[]
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I Historically, riparian vegetation along Stonyrugged canyon area that supports resident fish, but
Creek below the site of Black Butte Dam was probably has limited value for steelhead.

I virtually non-existent.
THOMES CREEK ECOLOGICAL

A recent soil and mineral classification study by M/MMAGEMENT UNIT

I Glenn County indicates that Black Butte Reservoir
has captured about 41 million cubic yards ofThomes Creek is the largest gravel source in
sediment (Glenn County 1996). Tehama County. The stream has a watershed area

of about 300 square miles. Thomes Creek enters
ELDER CREEK ECOLOGICAL the Sacramento River 4 miles north of Coming.

MANAGEMENT UNIT No large dams have been constructed on the

I stream. The stream is usually dry or flowing
Elder Creek is a westside tributary that enters theintermittently below the U.S. Geological Survey
Sacramento River 12 miles south of Red Bluff. It(USGS) stream gage near Paskenta until the first

I flows into the Sacramento Valley from the west,heavy fall rains.
draining a watershed of approximately 142 square
miles. The watershed contains mostly shale,Thomes Creek has an unimpaired natural pattern

I mudstone, and fine sedimentary deposits thatof flashy winter and spring flows and very low
produce minimal amounts of gravel, most ofsummer and fall flows, typical of streams in the
which is deposited where the stream enters thewestern Sacramento Valley foothills. The short-

i valley. No large gravel deposits are present in theduration, high volume flows may impair riparian
lower stream reaches. An flood-control leveerevegetation. Summer and early fall flows are
system in the lower section has directed andnear 0 cfs, except in the wettest years.

i concentrated flows, increasing sediment transpo.rtPrecipitation is seasonal, with more than 80
and degradation throughout the reach, percent in December, January, and February.

Precipitation in the drainage varies with elevation.
Several small water diversions, but no large dams,The average annual rainfall is 15 to 45 inchesI have been constructed Elder Creek. The flowon
is generally intermittent, with a widely fluctuatingThe lower reach of Thomes Creek has been
flow regime. Flow records indicate peak flows of significantly altered by the construction of flood-I more than 11,0i30 cfs, but the stream is normallycontrol levees and bank protection projects.
dry from July to November.

The lower Thomes Creek reaches contain large

I Elder Creek has a natural flow pattern of moderateamounts of sediment and gravel. Thomes Creek
winter and spring flows and very low summer andhas at least three year-round gravel mining
fall flows, typical of streams in the westernoperations and several seasonal ones. These gravel

i Sacramento Valley foothills. Summer and earlymining operations are conducted in compliance
fall flows are near 0 cfs, except in the highestwith the county gravel resource plan and permitted
rainfall years. In the wettest years, winter flowsunder terms of the Department of Fish and Game.

I average 600 to 1,600 cfs. In the driest years,
average monthly winter flows are only 5 to 20 cfs.Thomes Creek is one of the most intact tributaries

on the west side of the Sacramento Valley.

I The stream reach from Rancho Tehama to theThomes Creek provides important spawning
mouth is a low-gradient, braided channel,habitat for native Central Valley fish, such as
Approximately 20 miles upstream of the valleySacramento sucker, and Sacramento pikeminnow

I floor, the stream gradient increases rapidly in a(squawfish). These native species may be a reason
why the area is used by wintering bald eagles.
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Some experts believe that Themes Creek ranksmanagement practices, reduced flow volume and
second in importance, behind Cottonwood Creek, reduced temperature and chemical loading, have
in terms of conservation priorities on the west sidediminished the problems formerly related to
of the valley. Themes Creek is in remarkablydrainwater.
good condition in the upper watershed and has a
well-developed riparian forest along much of itsThe Colusa Basin Ecological Management Unit
upper reach, provides important seasonal and permanent

habitats for many species of migratory waterfowl
COLU$A B/~,$1N I~COLOGIC/M. and shorebirds, and the.federally listed giant garter

MANAGEMENT UNIT snake.

The Colusa Basin drainage area extends from the VISION FOR THE
Coast Ranges on the west to the Sacramento River
on the east. It received flow and sediment from ECOLOGICAL
small streams located between Stony Creek on the MANAGEM ENT ZONE
north and Cache Creek on the south. The drainage
encompasses approximately 1,500 square miles inThe vision for the Colusa Basin Ecological
Glenn, Colusa, and Yolo counties; 570 squareManagement Zone is to maintain or rehabilitate
miles of this area consists of the respectiveimportant fishery, wildlife, and plant communities
watersheds of the westside tributaries, with theand ecological processes and functions that
rest located in the relatively flat valley bottom,contribute to the health of the Delta. Attaining this
Numerous small streams, including forks andvision will involve restoring or reactivating
branches, constitute the watershed, about 11 ofimportant ecological processes and functions that
which flow directly into the Colusa Basin Drain. create and maintain habitats for fish, wildlife, and
Access to the upper portions of most smallerplant communities throughout the Ecological
westside tributary streams is blocked where theManagement Zone and its component Ecological
GCID canal intersects the streams. Management Units.

The main conveyance system in the Colusa BasinThis vision focuses on restoring ecological
is known as the Colusa Trough, the Reclamationprocesses and functions related to sediment
District 2047 Drain, the Colusa Basin Drainagetransport and restoring seasonally flooded aquatic
Canal, or, more commonly, the Colusa Basinhabitats that provide important wintering areas for
Drain. Flows in the basin generally discharge intowaterfowl and shorebird guilds, and in providing
theSacramentoRiver heading southeast through wetland habitats that will contribute to the
various sloughs. Reclamation efforts that began inrecovery of the giant garter snake. The vision also
the 1850s have converted wetlands and sloughsincluded a large cooperative program with
intoagriculturalareas. landowners to improve the wildlife benefits

related to agricultural practices in the area. In
Agricultural drainwater from the basin also entersaddition, it emphasizes maintenance or
the SacramentoRiver near Knights Landing improvements to the ecological processes and
through the Knights Landing Ridge Cut. In pastimprovements to fish habitats. Visions for these
years, this return water contributed to elevatedecosystem elements follow.
water temperatures in the lower Sacramento River
below the town. Water temperatures during May
and June often exceeded 70°F, which is
detrimental to juvenile chinook salmon. Recent
improvements in agricultural and water
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VISIONS FOR ECOLOGICAL the lower stream reach to improve sediment

MANAGEMENT UNITS
delivery to the Sacramento River.

COLUSA BASIN ECOLOGICAL
STONY CREEK ECOLOGICAL

MANAGEMENT UNIT
MANAGEMENT UNIT

Many native fish species use the lowermost reach
The vision for the Colusa Basin Drain Ecological
Management Unit is to remedy ecological

of Stony Creek, below Highway 45, at its problems related to the Colusa Basin Drain and
confluence with the Sacramento River for rearingthe mainstem Sacramento River and to maintain
from fall through early summer when water isand improve the area’s value in providing
suitably cool. The vision is to maintain and
improve valuable aquatic and terrestrial habitat

seasonally flooded wetland habitat.

types by restoring upstream areas to improve
system integrity and increase habitat complexity at

The Colusa Basin Drain is sometimes a significant
source of warmwater inflow to the Sacramento
River, but is probably not a significant problemtheconfluence.

during May and June. In general, rice floodup and
ELDER CREEK ECOLOGICAL maintenance precludes significant drainwater

during this period. There may be thermal impactsMANAGEMENTUNIT

The vision for the Elder Creek Ecological      resulting from rice field dewatering prior to
harvest in late August and September. The drain
may also draw chinook salmon from their naturalManagementUnitistorestoredegradedhabitat,

the sediment balance (to reduce the quantity ofmigratory corridor, resulting in their loss to the
fine sediments in the gravel substrate),and a more
natural stream channel and riparian habitat in the

spawning population.

lower section.
VISIONS FOR ECOLOGICAL

Because of levees and other structures, Elder PROCESSES
Creek transports sediment through the lower
sections instead of allowing deposition. CENTRAL VALLEY STREAMFLOW-" The vision

is that streamflows would be maintained to
Elder Creek’s lower reach and its confluence withsupport many ecological processes and functions
the Sacramento River may occasionally provideessential to the health of individual streams in the
an important seasonal, and sometimes extended,Colusa Basin Ecological Management Zone and
rearing habitat for juvenile anadromous andcontribute to the health of the mainstem
resident fish. Maintaining and improving theSacramento River.
ecological processes related to streamflow;
sediment supply; a and transport will also provideCOARSE SEDIMENT SUPPLY; The vision for
a clearly defined stream channel and ripariansediment supply in streams of the Colusa Basin
zone. Ecological Management Zone is that natural

stream sediments will contribute to stream channel
THOMES CREEK ECOLOGICAL formation and provide for native resident fish

MANAGEMENT U NIT spawning and invertebrate production.

The vision for the Thomes Creek EcologicalNATURAL FLOODPLAIN AND FLOOD
Management Unit is to establish a clearly definedPROCESSES: The Colusa Basin is one of the
stream channel, consistent with flood controlSacramento Valley’s natural overflow basins. The
needs, to effectively enhance sediment transport invision is to maintain the system’s flood capacity,
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introduce nutrients to the system, and supportquality; water quantity, depth and velocity;
natural regeneration and succession of riparianchannel gradient and stability; food; cover and
and riverine plant communities, habitat complexity; space; access and passage; and

flood plain and habitat connectivity.
VISION FOR HABITATS

AGRICULTURAL LANDS: Improving habitats on
SEASONAL WETLAND HABITAT: The vision and adjacent to agricultural lands in the Colusa
is that increased seasonal flooding of leveed lands,Basin Ecological Management Zone will benefit
use of the Colusa Basin’s natural flood detentionnative waterfowl and wildlife species.
capacity, protection and enhancement of existingEmphasizing certain agricultural practices (e.g.,
wetlands, and development of cooperativewinter flooding and harvesting methods that leave
programs with local landowners will contribute tosome grain in the fields) will also benefit many
increased habitats for waterfowl and other wetlandwildlife that seasonally use these important
dependent fish and wildlife resources such ashabitats.
shorebird, wading birds, and the giant garter
snake.                                             VISIONS FOR REDUCING OR

ELIMINATING STRESSORS
RIPARIAN AND RIVERINE AQUATIC
HABITAT: The vision is to maintain existing CONTAIVIlNANTS: Pesticides and herbicides are
riparian andshaded riverine aquatic habitats and applied extensively in this Ecological
to restorethese habitats where feasible thatManagement Zone and may adversely affect
support terrestrial and aquatic species. Throughoutaquatic organisms. The vision is that contaminant
much of this zone, riparian protection andinput levels to the system will not impairrestoration will be in conjunction with floodrestoration or maintenance of healthyfish,control and levee maintenance practices, wildlife, and plant communities.

FRESHWATER FISH HABITAT: Freshwater fish
VISIONS FOR SPECIEShabitatis an important component needed to

ensure the sustainability of resident native and
anadromous fish species. The lower sections ofGIANT GARTER SNAKE: The vision for the

giant garter snake is to contribute to the recoverythesecreeksaretypicalof fallchinooksalmon
spawning streams (Moyle and Ellison 1991). Theof this State and federally listed threatened species
quality of freshwater fish habitat in these creeksin order to contribute to the overall species

will be maintained through actions directed atrichness and diversity. Achieving this vision will

streamflows, coarse sediment supply, streamreduce the conflict between protection for this
meander, natural floodplain and flood processes,species and other beneficial uses of land and water
and maintaining and restoring riparian andin the Bay-Delta. Protecting existing and restoring

riverine aquatic habitats, additional suitable wetland and upland habitats
will be critical to achieving recovery of the giant

ESSENTIAL FISH HABITAT: The streams in the garter snake. The proposed restoration of aquatic,

Colusa Basin Ecological Management Zone haswetland, riparian, and upland habitats in the
been tentatively identified as Essential FishColusa Basin Ecological Management Zone will

Habitat (EFH) based on the definition of watershelp in the recovery of these species by increasing
currently or historically accessible to salmonhabitat quality and area.

(National Marine Fisheries Service 1998). Key ~
features of EFH to maintain or restore in theseWATERFOWL." The vision for waterfowl is to

maintain and restore healthy populations at levelscreeks include substrate composition; water
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that can support consumptive (e.g., hunting) andurban, and rural groups to identify, discuss, and
nonconsumptive (e.g., birdwatching) usesresolve issues in a way that benefits all parties. In
consistent with the goals and objectives of theaddition, local landowners, stakeholders, and
Central Valley Habitat Joint Venture and Northprivate organizations will be important to
American Waterfowl Management Plan. Manyrestoration program success.
species of resident and migratory waterfowl will
benefit from improved aquatic, wetland, riparian, CENTRAL VALLEY HABITAT ,JOINT
and agricultural habitats. Increase use of the VENTURE
Colusa Basin Ecological Management Zone and
possibly increases in some populations would beThe Central Valley Habitat Joint Venture and the
expected. North American Waterfowl Management Plan

have developed objectives for wetlands in the
PLANT SPECIES AND COMMUNITIES: The Colusa Basin Ecological Management Zone.
vision for plan species and communities is toThese objectives are consistent with the ERPP
protect and restore these resources in conjunctiontargets developed for this Ecological Management
with efforts to protect and restore wetland andZone.
riparian and riverine aquatic habitats.

CENTRAL VALLEY PROJECT

I NTEGRATION WITH IMPROVEMENT ACT

OTHER RESTORATION In addition to many provisions for the restoration

PROGRAMS of anadromous fish in the Central Valley, the
Central Valley Project Improvement Act contains

The vision for the Colusa Basin Ecologicalprovisions related to "other" programs to protect,

Management Zone can be achieved by primarilyrestore, and mitigate for past fish and wildlife

relying on local resource conservation districts,impacts of the Central Valley Project including

landowner associations, watershed associations,threatened and endangered plants and animals.

watershed conservancies, water districts, and local
landowners. In addition, the expertise of state, CALFED BAY-DELTA PROGRAM
federal and local agencies can be used where
appropriate to improve or assist in local planningCALFED has funded one ecosystem restoration

efforts. Local groups presently include the Stonyprojects in Colusa Basin. This project reduces

Creek Business and Landowners Coalition, thesediment inflow to Sand and Salt creeks.

Thomes Creek Watershed Association, Tehama
Colusa Canal Authority, and the Orland Unit LINKAGE TO OTHER
Water Users Association. Key agencies in this ECOLOGICAL
effort are DFG, USFWS, the U.S. Natural
Resources Conservation Service (NRCS), MANAGEMENT ZONES
Reclamation, and local government agencies. The
Colusa Basin Drainage District will play anThe Colusa Basin Ecological Management Zone
important part in designing restorationefforts inis closely linked to the Sacramento River
the Colusa Basin Ecological Management Unit.Ecological Management Zone and has a high
The District recently completed major elements ofdegree of connectivity through the confluences of
a Basin Integrated Resource Management PlanStony, Elder, and Thomes Creeks. The Colusa
and Watershed Priority Ranking AssessmentBasin is directly linked to the Sacramento River
Study. This planning process brought togetherthrough Drain. EcologicaltheColusaBasin This
representatives from agricultural, environmental,Management Zone provides important habitats for

~ ~
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a variety of migratory species includingElder creeks canprovide sediment for transport to
anadromous fish, waterfowl, and other speciesthe Sacramento River and habitat in the
dependent on wetland and riparian habitats. Sacramento River for chinook salmon and other

aquatic species. Maintaining and improving the

RESTORATION TARGETS ecological health of streams in the Colusa Basin
Ecological Management Zone will require

AND PROGRAMMATIC maintaining existing runoff patterns and

ACT! ON S eliminating other stressors such as invasive exotic
plants (Arundo and tamarisk) that constrain
ecological processes. In addition, improvementsECOLOGICAL PROCESSES in watershed health will contribute to maintaining
seasonal runoff patterns, water yield, and water

CENTRAL VALLEY STREAMFLOWS quality and reduce sediment loading to
downstream storage reservoirs.

TARG~r 1 : Maintain the existing seasonal
runoff patterns that mobilize and transport

COARSE SEDIMENT SUPPLY
sediments, allow upstream and downstream
resident fish passage, and contribute to riparianTARGET "l : Maintain the sediment available for
vegetationsuccession.(*). transport during storms and seasonal flow events

in Themes Creek (~).
PROG~ta,Tle ACTION 1 A: Develop locally
initiated programs to restore upper watershedPROGRAMMATIC ACTION 1A: Maintain
health and functions, sediment transport in Themes Creek by continuing

to monitor aggregate extraction activities to ensure
PROGRAMMATIC ACTION 1B: Reduce sediment is available for delivery to the
excessive fire fuel loads in the upper watersheds.Sacramento River.

PROGPdM~IMATIC A~rrlON 1 C: Improve TARGL=T 2: Maintain the quantity of sediment
forestry management practices related to timbertransported from Elder Creek to the Sacramento
harvesting, road building and maintenance, andRiver (~).
livestock grazing.

PROGRAMMATIC ACTION 2A: Maintain
PROGrt~M~TIC ACTION 1 D’- Develop a sediment transport in Elder Creek by continuing to
watershed management plan for Themes Creek.monitor aggregate exlxaction activities to ensure

sediment is available for delivery to the
PROGRAMMATIC ACTION 1E: Develop a Sacramento River
watershed management plan for Elder Creek.

~TION,~.~: Sand and gravel extraction
PRO~~a, TIC ACTION ’IF: Develop a activities on the streams in the Colusa Basin
watershed management plan for Stony Creek. Ecological Management Zone are conducted in

compliance with local and state regulations. The
~ TIONALE: Colusa Basin Ecological tributaries are important sediment sources for the
Management Zone streams provide several Sacramento River. Sediments contribute to several
features that are important within the Ecological important ecological functions and are required
Management Zone and for adjacent zones. Major for specific habitats, particularly chinook salmon
ecological processes and functions that are driven and steelhead habitats. Black Butte Dam on Stony
by flow include gravel recruitment, transport, Creek has eliminated natural gravel recruitment
deposition, and cleansing. Stony, Themes, and
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to the lower stream reach. The feasibility of PROGRAMMATIC ACTION 2A-" Restore and
protecting Stony Creek, its stream and riparian manage seasonal wetland habitat throughout the
corridor, and its contribution of sediment to the Ecological Management Zone.
Sacramento River should be evaluated.

RA rtONALE: Restoring seasonal wetland
NATURAL FLOODPLAIN AND FLOOD habitats along with aquatic, permanent wetland,

PROCESSES and riparian habitats is an essential element of the
restoration strategy for the Colusa Basin

TARGET 1 : Establish a desirable sedimentEcological Management Zone. Restoring these
deposition level in the Colusa Basin (~). habitats will also reduce the amount and

concentrations of contaminants that could
PROGRAMMATIC ACTION 1A: Improve the interfere with restoring the ecological health of
Colusa Basin sediment deposition capacity bythe aquatic ecosystem. Seasonal wetlands support
working with local landowners to develop ana highproduction rate ofprimaryandsecondary
integrated plan consistent with flood-controlfood species and large blooms (dense populations)
requirements, of aquatic invertebrates.

JIr~i T/ONALE." Floodplain processes include the Wetlands that are dry in summer are also efficient
natural floodwater and sediment detention and sinks for the transformation of nutrients and the
retention process whereby flows and sediment are breakdown of pesticides and other contaminants.
retained within the floodplains. Retaining and The roughness of seasonal wetland vegetation
detaining water and sediment in basin floodplains filters and traps sediment and organic
are controlled primarily by flow patterns and particulates. Water flowing out from seasonal
channel geomorphology, and secondarily by soils wetlands is typically high in foodweb prey species
and plant communities, concentrations and fine particulate organic matter

that feed many Delta aquatic and semiaquatic fish
HABITATS and wildlife. To capitalize on these functions, most

the seasonal wetlands the Colusa Basinof of
SEASONAL WETLANDS Ecological Management Zone should.be subject to

periodic flooding and overland flow from river
TARGET 1 : Protect and manage 2,000 acres of floodplains.
existing seasonal wetland habitat consistent with
the goals of the Central Valley Habitat Joint RIPARIAN AND SHADED

Venture and the North American Waterfowl RIVERINE AQUATIC HABITATS

Management Plan (~4~).
T/~IGET 1-" Protect and maintain riparian

PROGRAMMATIC ACTION 1A: Develop and vegetation along Stony Creek, Elder Creek,
implement a cooperative program to improveThomes Creek, and the Colusa Basin Ecological
management of 2,000 acres of existing, degradedManagement Unit channels and sloughs where

seasonal wetlandhabitat, possible. This will provide cover and. other
essential habitat requirements for native resident

T~RGET 2: Develop and implement a fish species and wildlife (~.).
cooperative to enhance 26,435 acres ofprogram
existing public and private seasonal wetlandPROGRAMMATIC ACTION 1A: Develop a

habitat consistent with the goals of the Centralcooperative program to protect or rehabilitate
Valley Habitat Joint Venture and the Northriparian vegetation, where possible.

American Waterfowl Management Plan (,~,).
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R~T/OttOat.£: Healthy riparian corridors along PROGFI/M~I~a, TIC ACTION 1 B: Convert
creeks, sloughs, and channels, including those in agricultural lands in the Colusa Basin Ecological
the Colusa Basin Ecological Management Unit, Management Zone from crop types of low forage
provide essential cover, shade, and food for value for wintering waterfowl and other wildlife to
spawning, rearing, and migrating native resident crop types of greater forage value.
fishes, and a wide variety of wildlife, neotropical
birds, and other terrestrialspecies. PROGRAMMATIC ACTION ’1 C: Defer fall

tillage on rice fields in the Colusa Basin
FRESHWATER FISH HABITAT AND Ecological Management Zone to increase the

ESSENTIAL FISH HABITAT forage for wintering waterfowl and associated
wildlife.

T/~IGET 1 : Maintain and improve existing
freshwater fish habitat and essential fish habitat17~aTtON~t.E: Following the extensive loss of
through the integration of actions described fornative wetland habitats in the Central Valley,
ecological processes, habitats, and stressorsome wetlandwildlifespecieshaveadaptedtothe
reduction or elimination, artificial wetlands of some agricultural practices

and have become dependent on these wetlands to
PROGRAMMATIC ACTIONS: No additional sustain their populations. Agriculturally created
programmatic actions are recommended, wetlands include rice lands; fields flooded for

weed and pest control; stubble management; and
RATIONALE: Freshwater fish habitat and tailwater circulation ponds.
essential fish habitat are evaluated in terms of
their quality and quantity. Actions described for Managing agricultural lands to increase forage
ecological processes, stressor reduction, and for waterfowl and other wildlife will increase the
riparian and riverine aquatic habitat should survival rates of overwintering wildlife and
suffice to maintain and restore freshwater fish strengthen them for migration, thus improving
habitat and essential fish habitat. For example, breeding success (Madrone Associates 1980)
maintaining freshwater and essential fish habitats
is governed by actions to maintain streamflow, Creating small ponds on farms with nearby
improve coarse sediment supplies, maintain waterfowl nesting habitat but little brood habitat
stream meander, maintain or restore connectivity will increase production of resident waterfowl
of Stony, Elder, and Thomes creeks and their species when brood ponds are developed and
floodplains, and in maintaining and restoring managed properly. Researchers and wetland
riparian and riverine aquatic habitats, managers with the DFG, U.S. Fish and Wildlife

Service and the California Waterfowl Association
AGRICULTURAL LANDS have found that well managed brood ponds

produce the high levels of invertebrates needed to
TARGET 1 : Cooperatively manage 111,285 acressupport brooding waterfowl. Other wildlife such
of agricultural lands(.~), as the giant garter snake will also benefit.

Restoring suitable nesting habitat near brood
PROGRAMMATIC ACTION 1A: Increase the ponds will increase the production of resident
area of rice fields and other crop lands flooded inwaterfowl species.
winter and spring to provide high-quality foraging
habitat for wintering and migrating waterfowl andRestoring nesting habitat, especially when it is
shorebirds and associated wildlife, near brood ponds, will increase the production of

resident waterfowl species. When the restored
nesting habitat is properly managed, large,
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! groundpredators are less effective in preying on R~irlOltt, ad.£: Invasive riparian and marsh plants
eggs and young of waterfowl and other ground have become sufficiently established in some
nesting birds. Managing agricultural lands to locations to threaten the health of the Bay-Delta
increase forage for waterfowl and other wildlife ecosystem. The riparian and salt marsh plants
will increase the overwinter survival rates of that pose the greatest threats to aquatic

i wildlife and strengthen them for migration, thus ecosystems are those that directly or indirectly
improving breeding success (Madrone and Assoc. affect rare native species, decrease foodweb
1980). productivity, and reduce populations of desired

I
REDUCING OR ELIMINATING

fish and wildlife species.

STRESSORS
Factors that relate to the degree of influence

I invasive riparian and salt marsh plants have on
the Bay-Delta include additional introductions

CONTAIVIINANTS from gardens and other sources, and ground
disturbances and hydrologic regimes that createTARG~r 1 : Reduce the adverse effects of
favorable conditions for their establishment.

herbicides, pesticides, fumigants, and other agents
that are toxic to fish and wildlife in the Colusa

I Basin Ecological Management Zone (.). The effects ofArundo’s ability to alter ecosystem
processes may be profound It is far more

PROGRAMMATIC ACTION 1A: Work with
susceptible to fire than native riparian species.

I local agricultural interests and water districtsHowever, although it recovers from fires, most

implement and evaluate a contaminant effectsnative vegetation does not, leading to increased
posOqre dominance by Arundo. By increasingstudy,                                               sedimentation after establishing in stream

I ~TIOIVALE: Contaminants from point and channels, Arundo stabilizes islands, hinders

nonpoint sources affect water quality and survival braiding and shifting patterns in stream channel
movement, and prevents native stream channelI of fish, waterfowl and the aquatic foodweb, vegetation from establishing. An example of thisContaminants may cause severe toxicity and
can be seen at Stony Creek in northern California.organism mortality or long-term, low-level toxicity
Because Arundo has a vertical structure, it doesI that affects species’ health and reproductive not overhang water like native riparian

success, vegetation. The result is less shade over water,
providing less cover, increased water

I INVASIVE RIPARIAN AND MARSH temperatures, and altered water chemistry, all
PLANTS conditions that can harm fish and other existing

TARGLrr 1 : Eradicate Arundo and tamarisk in aquatic organisms and ultimately change the

I watersheds where they have only smallaquatic species composition.

population, then concentrate on eradicatingTamarisk is widespread in California rivers;

i satellite populations extending beyond major
infestations, and finally, reduce and eventuallyhowever, an accurate assessment of the extent and

rate of spread of the, weed is unknown. Like
eliminate themostextensivepopulations. Arundo, more survey mapping is needed to

I determine the extent of tamarisk, the levels ofPROGRAMMATIC ACTION 1A: Develop a
threat posed by the weed, the best time to safelycooperative pilot study to control Arundo (false
control it, and aprioritizedstrategyfor removing

bamboo) and tamarisk (salt cedar) in streamsI within the Colusa Basin Ecological Managementit.

Zone.
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I
|

BUTTE BASIN ECOLOGICAL
| MANAGEMENT ZONE

I INTRODUCTION

The ecological health of the Bay-Delta depends on
I ecological processes and functions, habitats, and -: "

fish and wildlife species present in Butte Basin
Ecological Management Zone streams, wetlands,

I and floodplains. The status and abundance of
spring-run chinook salmon and steelhead trout are
important measures of the health, not only of the

I Sacramento-San Joaquin River Delta, but also of
the Butte Basin. The Butte Basin Ecological Zone Photo © California Department of Water Resources

supports the Delta ecosystem through significant

I contributions of streamflow, sediments, and otherImportant fish and wildlife resources in the basin

attributes, include spring-run chinook salmon, fall-run
chinook salmon, steelhead trout, resident fish

I The Butte Basin Ecological Management Zoneguilds, waterfowl guilds, shorebird and wading

provides habitat for a wide variety of fish, bird guilds, and riparian wildlife guilds. Generally,
the wildlife populations are healthy. Spring-runwildlife, and plant communities and habitats.
chinook and steelhead, however, need to achieve

I higher sustainable annual population levels beforeThese include spring-run chinook salmon,
steelhead trout, resident fish communities,
waterfowl, riparian vegetation, and seasonally and

they are considered healthy and no longer a

I permanently flooded wetlands. The Butte Sinkproblem in the Delta. Achieving healthy status for

contains important refuge areas including Graythese fish populations is also dependent on imple-

Lodge Wildlife Area, Butte Basin Wildlife Area, meriting restoration actions downstream of this

Butte Sink National Wildlife Refuge, and theecological management zone.
I           Butte Sink Wildlife Management Area.

Important habitats in the Butte Basin Ecological

I Important ecological processes and functions inManagement Zone include anadromous fish
migration, holding, spawning, and nursery habitatsthe Butte Basin Ecological Management Zone

include the annual streamflow and storm runoff(freshwater and essential fish habitats), which are

patterns, sediment supplyand gravel recruitment,needed to maintain spring-run chinook and

I and stream meander in each stream’s watershed.steelheadand other chinook populations.

These important processes are in a reasonablySeasonally flooded wetlands are prevalent through

healthy condition throughout the ecologicalthe lower portions of the basin and are extremely

I important habitat areas for waterfowl, shorebird,
management zone, but specific improvements are
needed in certain watersheds. The greatest need isand Wading bird guilds. Riparian and riverine

to maintain processes closely linked to the natural
aquatic habitat is important to aquatic and

I terrestrial species. Woody debris, such as treestream flowregime.Continuedefforts toward
improving low flows and reducing physicalbranches and root wads, provide important cover

barriers to fish migration will improve the overallfor young fish. Healthy riparian vegetation

I in provides a migration ~orridor that connects theecologicalhealthof thewatersheds thebasin
while contributing to species restoration, mainstem Sacramento River with habitats in the
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.upper watershed. This corridor is used by LIST OF SPECIES TO BENEFIT FROM
terrestrial species, such as birds and mammals. RESTORATION ACTIONS IN THE

BUTTE BASIN ECOLOGICAL
Stressors to ecological processes, habitats, and MANAGEMENT ZONE
species in the zone include diversion structures in
the streams; unscreened diversions; insufficient̄ fall-run chinook salmon
flow in the lower portions of most of the streams,¯ spring-run chinook salmon
which may seasonally inhibit the upstream and̄ steelhead trout
downstream migration of anadromous fish; areas̄ lamprey
of inadequate riparian vegetation and woodȳ native anuran amphibians
debris; and the potential illegal harvest of spring-̄ native resident fishes
run chinook salmon that oversummer in isolated̄ neotropical migratory birds
pools in many of the streams. ¯ giant garter snake

¯ waterfowl
DESCRIPTION OF THE ¯ plants and plant communities.

MANAGEMENT ZONE
DESCRIPTIONS OF

The Butte Basin Ecological Management Zone ECOLOGICAL MANAGEMENT
encompasses a significant portion of the UNITS
Sacramento Valley, east of the Sacramento River
and north of the Colusa Basin Ecological PAYNES CREEK ECOLOGICAL
Management Zone, and includes the following MANAGEMENT UNIT
seven ecological units:

Paynes Creek enters the Sacramento River 5 miles
¯ Paynes Creek Ecological Unit, north of Red Bluff. It flows into the Sacramento
¯ Antelope Creek Ecological Unit, Valley from the east, draining a watershed of
¯ Mill Creek Ecological Unit, approximately 93 square miles. Paynes Creek¯ Deer CreekEcologicalUnit, originates in a series of small lava springs
¯ Big Chico Creek Ecological Unit, approximately 6 miles west of the town of
¯ Butte Creek Ecological Unit, and Mineral. There are no significant dams on the
¯ Butte Sink Ecological Unit. stream; however, as many as 16 diversions

seasonally divert water. Diverted water is used for
irrigation, stock watering, and commercial
aquaculture. Diversions are conf’med to the period
between late spring and early fall. Significant
losses of juveniles can occur in spring if the
irrigation season begins when juvenile salmon are
attempting to emigrate from the stream into the
Sacramento River. Approximately 15 diversions
in Paynes Creek need to be screened to protect
juvenile fish.

Paynes Creek has a natural flow pattern of high
winter and low summer-fall flows, typical of
many Sacramento Valley streams that originate in

Location Map of the Butte Basin Ecological Management
Zone and Units
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foothills rather than the crests of the SierraRiparian and riverine aquatic habitat needs to be
Nevada or Cascade ranges. Low summer and fallimproved by providing adequate streamflows and

further reduced diversions. The shorelines from livestock.flows by byprotecting Vege-
stream is o~en dry during summer and fall. Intation planting may be required in certain areas to
wetter years, flows in winter average 200 to 600 hasten and sustain a riparian corridor along the
cfs. In winter months ofdry years,average stream.
monthly flows peak at only 50 to 80 cfs. In the
driest years, winter monthly average flows reachThe size of the salmon run in Paynes Creek is
only 10 to 20 cfs. closely linked to .rainfall. Therefore, actions to

restore and improve conditions for chinook
Historical Monthly Average Flow salmon and steelhead are more likely to succeed

during periods of normal to above normal rainfall.
Limiting water diversions during critical migration
periods would help to maintain and improve
flows. Reduced diversions could be achieved
through voluntary restrictions; direct water pur-
chase; or development of alternative sources, such
as wells or storage facilities. Adequate flows are
needed in Paynes Creek to provide for the fall
adult migration, winter season fry rearing, and
spring juvenile outmigration in drier years. Mini-
mum flows in upstream summer rearing areas are
needed to sustain steelhead.

Paynes Creek Streamflow, 1956-1966 (Dry year is the 20th In addition to low flow, inadequate spawning
percentile year; normal year is the 50th percentile or median year.)

gravel has been identified as a significant factor
limiting salmon production. The California

Fall-run chinook salmon and steelhead trout useDepartment of Fish and Game (DFG) built five
Paynes Creek when streamflow is sufficient tospawning riffles with 1,000 tons of spawning
allow upstream passage. Surveys in the 1960sgravel in 1988. Improvement to the sediment
documented an average run size of 143 fall-runsupply, including gravel for fish spawning, needs
salmon; 300 fish was the maximum run observedfurther evaluation.
in a single season. In most years, rainfall provides
sufficient flow for the fall-run chinook salmon to Restoration and maintenance of Paynes Creek
move upstream by late fall. could be improved by establishing a Paynes Creek

watershed conservancy. Restoring and maintain-
300 ~ ...................................................... ing Paynes Creek could be facilitated by develop-
2so ~ ...................................................... ing and implementing a comprehensive watershed

.................................................... management plan.200 ,,t ......................................................

150 ~- ...................................................
~UMTELOPE CREEK ECOLOGICAL

theCascade
Range foothills and enters the Sacramento River
9 miles southeast of Red Bluff. The drainage is

Fall-run Chinook Salmon Returns to Paynes Creek,
1965-1997. approximately 123 square miles, and the average
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stream discharge is 107,200 acre-feet (af) perwas 92 cfs. With water diversion rights exceeding
year. Antelope Creek is relatively unaltered abovestreamflow, the lower reach of the stream is often
the valley floor, but the seasonal lack of flow todry. The seasonal flow needs improvement to
the Sacramento River reduces the creek’s potentialpermit unobstructed fish passage. To reestablish
to produce anadromous fish. and increase salmon and steelhead in Antelope

Creek, priority must be given to providing and
Antelope Creek has a natural streamflow patternmaintaining adequate passage flows from October
like other nondammed streams in this ecological1 through June 30 below the Edwards and

LMMWC diversion dam. Diversions on Antelope
Creek have been screened to protect juvenile

Historical Monthly Average Flow salmon and steelhead during their downstream
passage.

Migration flows and temperatures adequate to
attract salmon must be provided at Antelope
Creek’s confluence with the Sacramento River.
Diversions during the chinook and steelhead
migration season should be limited to maintain a
flow of at least 25 cfs at the mouth of Antelope
Creek. Instream flows should be maintained
throughout the irrigation diversion season to pro-
vide aquatic habitat and riparian vegetation
benefits.

Antelope Creek Streamflow, 1942-1982 (D~ year is the 20th The riparian and riverine aquatic habit along the
percentile year; normal year is the 50th percentile or median Antelope Creek corridor needs several improve-

year.) ments. Some areas have been denuded and will
require significant revegetation. Woody debris,

management zone. Peak flows occur in winter andsuch as branches and root wads originating from
spring. Lowest flows occur in summer and fall. Inthe riparian forest, provides valuable cover for
wettest years, average flows in winter monthsyoung fish. The riparian zone provides an impor-
range from 200 to 1,200 cfs. In driest years, flows tant migratory corridor for terrestrial species by
in winter months average below 50 cfs. In all butconnecting the mainstem Sacramento River with
the wettest years, summer and early fall flowsupper watershed habitats.
average from 20 to 50 cfs. The natural flow
pattern is altered by diversions in the lower creekFall- and spring-run chinook salmon and steelhead
from spring through fall. trout have used Antelope Creek. Population

estimates for fall-run salmon on Antelope Creek
There are two water diversions at the canyonfrom 1965 through 1984 ranged from 50 to 4,000,
mouth on Antelope Creek. The Edwards Ranchwith an average annual run of approximately 467
uses water from both diversion points underfish. Historically, an estimated 500 spring-run
riparian and pre-1914 water rights. The Loschinook salmonandapproximately300 steelhead
Molinos Mutual Water Company (LMMWC) trout annually used Antelope Creek. Since 1986,
shares one diversion with a water right of 70 cfs.the California Department of Fish and Game has
Antelope Creek flow is typically diverted from conducted intensive snorkle surveys on Antelope
April 1 through October 31. Average flow during Creek. Over a period of 12 years, a total of only
this period, measured from 1940 through 1980,19 spring-run chinook salmon have been

Volume I1: Ecosystem Restoration Program Plan
..~ ~L~ Butte Basin Ecological Management Zone Vision~" ~

June 1999
242

C--01 9672
C-019672



observed. During 1997, no adult spring-runflows and help to prevent excessive sediment from
chinook salmon were observed. This series ofbeing washed into the creek.
observations suggest that Antelope Creek no
longer supports a self-sustaining population of MILL CREEK ECOLOGICAL
chinook salmon. The status of steelhead in MANAGEMENT UNIT
Antelope Creek is unknown.

Mill Creek is a major tributary of the Sacramento
4,000 River, flowing from the southern slopes of

........................................................ Mt. Lessen and entering the Sacramento River at
z,00o ......................................................... river mile (RM) 230, 1 mile north of the town of

....................................................... Tehama. The stream originates at an elevation of
a,000 ........................................................ approximately 8,500 feet and descends to 200 feet

........................................................ at its confluence with the Sacramento River. The
,,0o0 [1 ........

I ]l._,_.~l,hl._l. h.l_, ....... ..............................................

watershed drains 134 square miles, and the stream

i]1..~. _._. _.--~..--=_-_1....-~.~.-.-...._...-....._..,.
is approximately 65 miles long. The creek is

0~:
;S;~1958. ~1~[13’]968’’19~’3’~9"78’~983 ]988’’1993’’ confined within a steep-sided, relatively

inaccessible canyon in the upper watershed. Mill
I I Creek chinook salmonspring-run are unique,

Fall-run Chinook Salmon Returns to Antelope Creek,
1953-1997. because they spawn at altitudes above 5,000

feetmthe highest altitudes known for salmon
spawning in California. The stream flowsthrough

The overall role of Antelope Creek in supportingthe Ishi Wilderness Area and the Gray Davis Dry
viable populations of anadromous fish is stronglyCreek Reserve, which is managed by The Nature
constrained by flow patterns, flow quantity, highConservancy. Two dams on the lower 8 miles of
water temperatures, geomorphology of the valleythe stream divert most of the natural flow for
section of the stream, and the steep gradient in theirrigation purposes, usually from May and until
upper reaches. September.

Insufficient fall flow patterns may delay theMill Creek has a somewhat atypical seasonal flow
upstream migration and spawning of adult fall-pattern. Flows remain relatively high through
run chinook and downstream migration of juvenilespring, even in dry years, because of snowmelt
spring-run chinook. Likewise, inadequate lateand springs on Mt, Lassen. In wettest years,
spring flows may limit part of the spring-runaverage monthly flows in winter and spring range
upstream migration and downstream juvenile fall-from 800 to 1,800 cfs. In driest years, flows range
run chinook migration. In the lower stream sectiononly from 60 to 120 cfs. With no storage
below the canyon mouth, Antelope Creek isreservoirs and minimal diversions on the river,
subject to braiding and channel bifurcation, whichstreamflows are near natural and unimpeded,
also impair upstream fish passage, except in the valley lowland reach.

The Antelope Creek Ecological Unit could beThe ecological health of the Mill Creek ecological
improved by establishing and supporting anunit is rated above average due to unimpeded
Antelope Creek watershed conservancy. Restoringstream flow and the undisturbed quality
and maintaining Antelope Creek could bethroughout the holding and spawning habitat of
improved by developing and implementing aspring-run chinook salmon and steelhead.
comprehensive watershed management plan.Populations of spring-run chinook salmon and
Forest management, including reducing fire fuelsteelhead have declined sharply in recent years, in
loads, would protect riparian habitats and stream-large part due to problems outside of the unit.
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Spring-run chinook salmon populations in Millwithin Lassen Volcanic National Park contribute
Creek have ranged from a maximum of 3,500 fishthe major source of silt from the steep barren
to a low of no fish during the severe drought ofslopes adjacent to the headwaters. There are
1977. During the past decade, annual spring-runinsignificant land use activities that occur on the
chinook populations have averaged 390 fish. MoreLassen National Forest lands,~ however, most of
than 2,000 steelhead have been counted at Cloughthe area is protected by its wildemess designation.
Dam, and steelhead runs averaged 1,100 fish fromThe majority of the siltation sources in Mill Creek
1953 to 1965. Anecdotal accounts place theare the result of natural geologic processes that
present annual steelhead population at a fewhave existed for thousands of years and are not an
hundred fish. impediment to the survival of the endemic

anadromous fish populations.

3,000[i~iii|iiiiii~21~ii~I~;~ii~2~i~ Spawning areas in lower Mill Creek consist

" ii i i ? .III?I~III~I~III~?I~IIII~II?S~I~S~S~ little spawning gravel. Spawning gravel naturally

1.~0o .i i ’i~21 IT i121~i~211~12~2~ accumulates in the lower reaches ofthe stream but
from the stream during higher flow

soo    . ..!! .............

ii

°1~7 ~9s3 ~gs~ ~s~r~ ~r~ ~s3 ~s~ ~ Three diversion structures were constructed on
Mill Creek in the early 1900s, however, only two

Spring-run Chinook Salmon Returns to Mill Creek, 1947-1997 are operational. The upper and lower diversions
are low structures and have been screened since

Fall-run chinook salmon population estimatesthe 1920s. The Department ofFish and Game has
have ranged from approximately 6,000 spawnerscompleted several improvements to these
in 1984 to 150 in 1965. The fall run has averagedstructures over the past 50 years including the
2,200 fish for the 38 years of record. Late-fall-run addition offish ladders and resloping and refacing
salmon have occasionally been observed spawn-the surface of the structures to improve fish
ing in the lower reaches of Mill Creek, but nopassage. These diversion structures are owned
estimates are available, and managed by the Los Molinos Mutual Water

Company and are regularly inspected by the
Department of Fish and Game to insure optimum
fish passage conditions.

The middle diversion structure is known as the
Clough Diversion which was constructed in the
early 1920s and is privately owned. The structure
was screened and has a functional fish ladder.
The Clough Dam was breached during the January
1997 flood and presently is not a barrier to fish
passage. Alternative designs for reconstructing

Fall-run Chinook Salmon Returns to Mill Creek, 1952-1997. the dam include options to provide water for
irrigation without impairing fish passage.

Mill Creek differs from other eastside streams
because of its high silt load and turbidity duringAll of the water diversions have screens, owned
the spring snowmeltperiod. Recent water qualityby the DFG, in place and in good operating
monitoring for Mill Creek indicates that landscondition.
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!
Sufficient flows permit unobstructed fish passagePACFISH regulations, and private conservation
and cleanse and distribute new spawning gravels,easements.
One of the key elements in restoring Mill Creek’s
salmon and steelhead populations is obtainingThe majority of the Mill Creek watershed remains

i dependable flow in the lower stream reaches. Aundisturbed and is still capable of supporting
negotiated agreement with the water users is thehistoric runs of salmon and steelhead. Potential
preferable means of achieving this goal, becauserestoration work is concentrated in the lower
it would minimize conflicts between historicalwatershed area on the valley floor that has beenI land uses and restoration of salmon and steelheadimpacted by human activities. The major
habitat. This has been partially achieved throughrestoration efforts include replanting native
a cooperative water exchange agreement whichriparian vegetation and securing additionalI has been in place for seven years, instream flows.

The riparian corridor needs improvement inPotential timber harvest in the upper watershedI several Some locations have been denuded       threatens loss of and dueareas. holding spawningareas
and will require significant revegetation, to habitat degradation. Selective harvest and well-

planned road construction would minimize this

I Gravel spawning habitat in the valley floor sectioneffect. Additional recreation areas must be
of the creek is not adequate for fall-run chinookcarefully planned and implemented to preserve
salmon. Gravel recruitment is limited because ofexisting fish habitat. Forest management,

I a relatively low natural supply attributable to theincluding reducing fire fuel loads, will protect
geologic features in the basin. Existing gravelriparian habitats and streamflows and help to
sources may be enhanced to improve spawningprevent excessive sediment from being washed
areas for fall-run chinook salmon. An evaluationinto the creek.
of the potential benefits of providing supplemental
gravel into the channel should be completed. Adult spring-run chinook salmon oversummering

i in deep upstream pools are susceptible to illegal
Conservation, restoration, and preservation effortsharvest. The remoteness of the spawning areas
on Mill Creek have been established by the Mill contributes to enforcement problems.

I Creek Conservancy which supports the local
approach to watershed management. The local DEER CREEK ECOLOGIC/M.,
residents, concerned citizens, and resource MANAGEMENT UNIT

I agencies worked together and prepared the Mill
Creek Watershed Management Strategy which isDeer Creek is a major tributary to the Sacramento
a comprehensive document containing specificRiver, originating upstream of Deer Creek

I recommendation for resource protection. Meadows on the slopes of Butt Mountain. The
creek enters the Sacramento.River approximately

Restoration activities are presently being1.5 miles north of Woodson Bridge State Park.

I implemented in accordance with the prioritiesThe watershed drains 200 square miles and is
stated in the Mill Creek Watershed Management60 miles long. Part of the upper stream is
Strategy. The Strategy Reportaddressespotentialparalleled by State Highway 32. The lower

I stressors including the potential adverse impacts10 miles of the creek flow through the valley,
from timber harvesting and additional recreationalwhere most of the flow is diverted. This lower
activities. However, the majority of the upper and section encompasses a relatively large flood plain
middle watershed is protected from detrimentalbounded on either side by levees.
activity due to its Wilderness designation,

Volume I1: Ecosystem Restoration Program Plan
-.~ Un~T~ Butte Basin Ecological Management Zone Vision

~’~ ~ June 1999

I 245

C--019675
C-019675



In many years prior to 1990, three diversion damsareas in lower Deer Creek are lightly armored and
and four diversion ditches depleted all of thecould limit production of fall-run chinook salmon.
natural flow from mid-spring to fall. Since 1990,
the local irrigation districts, with assistance from
the Departments of Fish and Game and Water ,.~ ~ ..
Resources, have voluntarily provided fish passage
flows at critical times. All of the diversion
structures have fish ladders and screens. Of all "~
Sacramento Valley streams, Deer Creek has the
greatest potential for restoring spring-run chinook
salmon. Overall, the ecological health of the Deer
Creek Ecological Management Unit is rated above Spring-run Chinook Salmon Returns to Deer Creek, 1947-1998.
average. Although spring-run chinook salmon and
steelhead populations need to increase in size, the

limiting these populations lie primarily           1"’*** .....................................................factors
outside of the unit.

Deer Creek has a seasonal flow pattern similar to
that of Mill Creek. Flows are highest in winter and

and summer and fall flows. Peak monthly
"***

spring,
flows in wet winters reach up to 2,600 cfs. In * .
driest years, winter flows reach only 90 to 110 cfs.
Minimum summer and fall base flows are 60 to 80 Fall-run Chinook Salmon Returns to Deer Creek, 1952-1997.
cfs.

,. Except for the lack of streamflows on the valley
Historical Monthly Average Flow floor below the agricultural diversions, fish habitat

throughout the drainage is generally of good
quality. Water right holders on Deer Creek have500

recently expressed interest in developing
alternative water sources for fishery flows. Water
users are concerned about the depleted status of
the spring-run chinook salmon and have been
working toward mutually acceptable solutions to
restore the fishery.

Sufficient flows permit unobstructed fish passage
and cleanse and distribute new spawning gravels.

Deer Creek Streanaflow, 1923-1993 (Dry year is the 20th
percentile year; normal year is the 50th percentile or median Inadequate flow for upstream passage is the most

year.) significant problem on Deer Creek. Flows
necessary to provide unimpaired migration in the

Fall- and spring-run chinook salmon and steelheadlower stream section for adult salmon and steel-
trout use Deer Creek. During the past decade, anhead are undetermined but have been estimated to
average of approximately 550 spring-run andbe 50 cfs at a minimum.
1,000 fall-run chinook have spawned annually in
Deer Creek. Habitat in the upper watershed isAdequate spawning gravel is found in lower Deer
relatively intact, with numerous holding areas andCreek for present population levels of fall-run
an abundance of spawning gravel. Some spawningsalmon and existing gravel sources should be
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protected. Prior to any effort to supplement BIG CHICO CREEK ECOLOGICAL
existing gravel supplies, a comprehensive analysis M/M~IAGEMENT UNIT
of channel is Thisstream dynamics required.
study should include elements that addressBig Chico Creek enters the Sacramento River
geomorphology, sediment transport flows, stream5 miles west of the City of Chico. It flows into the

sources, Sacramento Valley from the Sierra Nevadachannelmeander,sediment and flood
control needs or requirements, foothills, draining a watershed of approximately

72 square miles. There are no significant
impoundments on the stream, and the only majorRestorationeffortson DeerCreekwill involves

the ongoing participation and support of localwater diversion has been relocated to the
landowners through the Deer Creek Conservancy,
a local landowners organization. One role of the
Deer Creek Conservancy has been the successful

Historical Monthly Average Flowdevelopment of a cooperative watershed manage-
ment plan including a watershed management
strategy (Deer Creek Watershed Conservancy
1998). Plan formulation is in process and will          a0o
help to preserve and restore spring-run chinook
salmon and steelhead trout and other important         ~200
attributes of the watershed. The ecological health          ~o I so
of Deer Creek could be maintained by developing         " 100
and implementing a comprehensive watershed           so
management plan.                                       0

Additional recreation areas must be carefully
planned and implemented to preserve existing fish
habitat. Forest management, including reducingBig Chico Creek Streamflow, 1936-1986 (Dry year is the 20th
fire fuel loads, will protect riparian habitats and percentile year; normal year is the 50th percentile or median

streamflows and help to prevent excessive year.)

mainstem Sacramento River. The stream is the
sedimentfrombeingwashedintothecreek.

The riparian corridor needs protection andfocal point of the local Chico community. The
improvement in the lower and upper river. In thecreek flows through Bidwell Park, downtown
lower river, riparian habitat improvements will beChico, and the Chico State University campus.
coordinated with flood control management(Bidwell Park is the third largest city park in the
activities, nation.) Lindo Channel is an element of the local

flood control system and originates at the Five
Adult spring-run chinook salmon oversummeringMile Recreation Area. The channel returns water
in deep upstream pools are susceptible toto the creek near its mouth below the City of
poaching. The remoteness of the spawning areaChico.
contributes to enforcement problems.

Big Chico Creek has a seasonal flow pattern
similar to that of Antelope Creek with moderate
winter flows and lower late spring to early fall
flow than Mill and Deer Creeks. Peak winter
month average flows reach 600-1,500 cfs. In
driest years, winter flows reach only 20-40 cfs.

~ ~
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Minimum summer and fall base flows are 15-
20 cfs in all but the wettest years. 1,00o.

Important resources in Big Chico Creek include
spring- and fall-ran chinook salmon and steelhead 600 ....................................................
trout and resident native fishes. Although spring-
mn chinook salmon and steelhead populations are
very low, factors limiting these population lie ~6o.
primarily outside of the unit. Some improvements
in the steelhead trout and spring-run chinook 0
salmon populations can be made if habitat and
flows can be restored. Spring-run Chinook Salmon Returns to Big Chico Creek,

1956- 1998.
In 1958, the spring-run chinook salmon popul-
ation was estimated at 1,000 adults, although theChannel, in most years, intermittent flows
average annual run was probably less than one-preclude successful spawning. Big Chico Creek
half this amount during the 1950s and 1960s. Anflows for nearly 11 miles through the City of
estimated 400 spring-run returned to Big ChicoChico, much of it through Bidwell Park.
Creek in 1998 in response to a series of wet yearsVegetation along Big Chico Creek in Bidwell Park
and the relocation of the M&T Pumping Station to is an excellent example of a mature riparian
the mainstem Sacramento River. Steelheadcommunity. Lindo Channel functions as a flood
populations are thought to have averagedrelief channel for Big Chico Creek and supports
approximately 150 returning adults during thisriparian habitat. Both are surrounded by urban and
same period. Recent estimates indicate only aagricultural uses that could degrade their
remnant spring-run chinook population, a lowenvironmental quality.
steelhead population, and a highly variable
spawning population of fall-run chinook salmon.Inadequate flow for upstream passage is the most
In addition, adult spring-run chinook are deterredsignificant problem on Big Chico Creek. During
by intermittent flow in Lindo Channel andall but the wetter years, flows in fall remain at
inadequate fish passage at the One and Five Milesummer lows. This inhibits and delays the
Recreation Areas and at Iron Canyon in upperupstream fall-run chinook salmon migration.
Bidwell Park. Marginal spawning and rearingWater management operations, such as the flow
habitat in Big Chico Creek and Lindo Channelsplit at Five Mile Diversion Dam, that can
below the Five Mile Recreation Area is used byimprove flows for passage should be evaluated.
fall-run chinook salmon. Big Chico Creek and
Lindo Channel are used by many interests for aGravel recruilxnent is limited by existing diversion
variety of purposes, including wildlife habitat,dams, or gravel is in poor supply from past floods
anadromous fisheries reproduction and rearing,or flood control practices. Existing gravel sources
urban storm drainage,flood control, and should be protected and supplemental gravel
recreation, placed into the creek channel as needed.

Functioning in the flood control and recreationalRestoration efforts on Big Chico Creek will
pool system, the ecological system supports threeinvolve the participation and support of local
salmonid runs. Without careful coordination,landowners through the Big Chico Creek Task
successful management of one use may conflictForce, a local organization of stakeholders. The
with successful management of another. EvenBig Chico Creek Task Force will be instrumental
though excellent spawning gravel exists in Lindoin developing a comprehensive watershed
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I
management plan and will assist or sponsor someSacramento Valley southeast of Chico and
of the needed restoration elements in the basin,meanders in a southwesterly direction to the initial
One role of the Big Chico Creek Task Force will point of entry into the Sacramento River at Butte
be to sponsor the development of a cooperativeSlough. A second point of entry into the
watershed management plan that will assist in theSacramento River (at lower flows) is through the
effort to preserve and restore spring-run Sutter Bypass Slough. Buttechinook and Sacramento
salmon and steelhead trout. Creek drains the foothills just south of the Big

Chico Creek watershed and North Fork of the
I The health of the creek could be Feather River The Butte Creekecological drainage. upper

improved by developing and implementing awatershed (northeast of Chico) has an area of
comprehensive watershed management plan.approximately 150 square miles. Lower Butte
Timber harvest in the watershed could Creek flows parallel to the Sacramento River forupper
threaten .loss of holding and spawning areasalmost 50 miles to the Butte Slough out-fall. It then
because of habitat degradation. Selective harvestcontinues through the Sutter Bypass and

I and well-planned road constructionminimize Sacramento Slough channels to join the Feathermay
this effect. Additional recreation areas must beRiver near the confluence with the Sacramento
carefully planned and implemented to preserveRiver, almost 100 miles downstream of Chico.

I existing fish habitat. Forest management, includ-Butte Slough connects with the Sacramento River
ing reducing fire fuel loads, will protect riparianthrough flap gates in the Sacramento River levee.
habitats and streamflows and help to preventThese gates may not be open during the salmon

I excessive sediment from being washed into theand steelhead migration periods.
creek.

Streamflow on Butte Creek is similar to that on

I The riparian corridor needs to be protected andDeer Creek, with water from snowmelt and
improved in the lower and upper river. In thesprings to maintain summer and fall flow even in
lower river, riparian habitat improvements will bedrier years. Peak flow in winter of wet years

I coordinated with flood control managementreaches 1,000 to 3,000 cfs. In driest years, winter
activities in cooperation with local landowners, flows average only 90 to 120 cfs. Summer and fall

minimum flows generally average 120 to 160 cfs

I Salmon and steelhead passage problems at Ironbut may reach only 50 cfs in driest years.
Canyon, One-Mile Pool, and Five-Mile Diversion
will be improved by repairing weirs and fishways. Historieal Monthly Average Flow

I Adult spring-run chinook salmon oversummering
in deep upstream pools are susceptible to           7007

I poaching. The remoteness of the spawning areas
contributes to enforcement problems. Protect
holding pools by obtaining willing seller titles or
conservation easements on lands adjoining pools.

BUTTE CREEK ECOLOGICAL
MANAGEMENT UNIT

Butte Creek originates in the Jonesville Basin,
Lassen National Forest, on the western slope of
the Sierra Nevada. It drains the northeastern Butte Creek Streamflow, 1963-1993 (Dry year is the 20th

portion of Butte County. The creek enters the percentile year; normal year is the 50th percentile or median
year.)
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Fall- and spring-run chinook salmon and steelhead" inadequate passage over diversion dams,
trout exist in Butte Creek. As late as the 1960s,̄ unblocked agricultural return drains thatButte Creek supported more than 4,000 adult

attract and strand adult fish,spring-run chinook salmon, a lesser number of
fall-run chinook salmon, and a small number of̄ poor water quality, and
steelhead trout. More recently, the spring-run
chinook populations have ranged from fewer than

¯ poaching.

200 adults to more than 1,000. Spring-run chinookNine diversion dams on Butte Creek above Butte
salmon estimates reached a record of more than
8,000 in 1995, and Butte Creek demonstrated its

Slough supply water for power generation,

ability to attract a large spring-run chinook salmon
irrigation, gun clubs, and domestic use. All are

population with adequate streamflows. The fall-known to impair and delay migrating fish. One,
the Point Four Ranch Dam, was removed in Julyrun chinook salmon population varies between a

few fish to as many as 1,000. The number of1993. Passage at seven of the dams could be

steelhead is unknown, improved by either removing the dam or
upgrading the ladders. All of the diversions from
these dams are unscreened, except the diversion at

~o,ooo, the Parrott-Phelan Dam, which was recently
........................................................ screened. Presently, three of the seven dams are

ls,0o0 ~ ....................................................... being removed as part of the Western Canal
....................................................... siphon project, and three others (Durham Mutual,

IQ,®o ~ ....................................................... Adams, and Gorrill) have defined projects to build
....... 1--[ .......................................

1--

or rebuild ladders and fish screens..
~’°°° [,.]’~]]i]-.~--"-.----.."---i.~l---/’-,,,_.,=~,.,__L __~.__ _, __, .L_,~,.=..

The Centerville Head Dam, immediately below
l~u ~s~ ~ ~ ~,a ~,,~ ~,~ ~s~ ~sa ~o ~,~ ~, the DeSabla powerhouse, is the upper limit of

IIII I I anadromous fish migration. Water diverted from
Spring-run Chinook Salmon Returns to Butte Creek. 1954-1998. three adjacent watersheds commingles with the

natural flows of Butte Creek and often is the major
portion of the flow. Feather River water enters
Butte Creek at two locations: via the West Branch
into DeSabla Reservoir and through the
Thermalito Afterbay and the Western Canal.
Flows from both Big and Little Chico Creeks1

enter Butte Creek from agricultural diversions that
400,

empty into Little Butte Creek. Flows from the
~00. Sacramento River reach Butte Creek from various

o. diversion points, from as far north as the mouth of
1 Big Chico Creek to the Reclamation District 1004

I I pumps located near Princeton.
Fall-run Chinook Salmon Returns to Butte Creek, 1970- 1997.

The decline of Butte Creek’s chinook salmon andAdult spring-run chinook salmon migrate into
Butte Creek during February through June. Theysteelheadpopulationsisattributedto:
oversummer primarily in pools from the con-

¯ inadequate flows,                              fluence of Little Butte Creek to the Centerville
Head Dam and begin spawning in late September.

¯ unscreened diversions, Spring-run chinook fry emigrate as early as
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!
December, whereas smolts emigrate the followingThis extension, however, requires the State Water
spring. Generally, adequate migration flow existsResources Control Board to adjudicate water
from Centerville Head Dam downstream to thebelow the Western Canal siphon. The area above
Western Canal Dam; however, during dry years, is adjudicated. State Watermaster Service

I several areas above Western Canal may hinderpresently exists down to Western Canal. Extension
upstream passage. In these dry years, adult spring-of this service below Western Canal would require
run chinook salmon encounter low, warm flows adjudication of the remaining water rights.
above Western Canal and may become stranded.Wildlife refuges and hunting clubs dependent onI Butte Creek water provide some of the most
Adult fall-run chinook salmon enter lower Butte valuable wildlife and waterfowl habitat in the
Creek during late September and early October. Sacramento Valley. The timing of water needsI Their upstream passage is often blocked by among duck clubs, agriculture, and theconflicts
dewatered stream reaches caused by diversions foranadromous fisheries.
flooding State and federal refuges and privateI duck clubs. Below the Westem adult fall-       Seasonal of and duck clubsCanal, flooding refuges
run chinook often encounter impassable barriers,conflicts with flows needed for spawning fall-run
dewatered areas, silt deposition areas, lack ofchinook salmon. Rice field irrigation overlaps

I suitable gravel, and inadequate cover and shade,with the need for transportation flows for both
Several barriers exist above the Western Canalspring-run adults and juvenile salmon in April and
that impede the adult migration until high flowsMay. Evaluating and determining water rights,

I occur. Most fall-run chinook salmon spawn in the water use, and instream flow needs will be a long-
area from Durham to the Parrott-Phelan Dam,term effort requiring the involvement of irrigation
although some are known to spawn above thesedistricts, private landowners, and agency
dams. Spawning generally occurs from Octoberpersonnel. Rebuilding salmon runs in Butte Creek
through December. Fall-run fry begin to emigratewill require a negotiated balance among wildlife,
during January and February, and smolts emigrateagriculture, and fishery needs. Flow improve-

I during April and May. However, many juveniles ments can be gained by providing minimum flow
are entrained at the diversions or perish because ofrequirements below diversions and acquiring
poor water quality, existing water rights from willing sellers.

I Although little is known about steelhead in Butte It is generally believed that gravel recruitment in
Creek, adults probably ascend in the late fall andthe upper sections is not affected by existing

I winter. They probably spawn during winter and diversion dam since they are either seasonal
spring in tributaries, such as Dry Creek, and theagricultural dams or relatively low-head
mainstem creek above Parrott-Phelan diversion, hydropower dams which have not had major

I impacts on gravel recruitment of sediment supply.
The water allocation problems in the lower ButteExisting gravel sources should be protected and
Creek system need to be reduced. The diversion ofsupplemental gravel placed into the creek channel

I water for agriculture, waterfowl refuges, andas needed.
seasonally flooded wetlands should not impair
efforts to rebuild salmon and steelhead stocks.The Butte Creek Watershed Conservancy is an

I Butte Creek water management is extremelyimportant organization in developing, evaluating,
¯ complex. Maintaining adequate fishery flows will and implementing measures to improve the

require close coordination among all water usersecological health of Butte Creek. This con-

i in the basin. Extension of State Watermasterservancy comprises local stakeholders who work
Service into the lower reach of Butte Creek should closely with federal and State resource agencies to
be considered to fulfill these management goals,maintain and restore habitats along the creek. The
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Butte Creek Watershed Conservancy will be BUTTE SINK ECOLOGICAL
instrumental in developing a comprehensive MANAGEMENT UNIT
watershed management plan. It will assist or
sponsor some of the needed restoration elementsThe Central Valley is one of the most important
in the basin, including improving streamflows forwaterfowl wintering areas in the Pacific Flyway.
gravel recruitment and fish passage. TheIn recognition of the value of waterfowl through-
management plan will help to preserve and restoreout North America, the Central Valley Habitat
spring-run chinook salmon and steelhead trout.Joint Venture was formed to protect and restore
The ecological health of the creek also could bewetlands in the Central Valley. The Butte Sink is
improved by developing and implementing aone of the important elements of this venture.
comprehensive watershed management plan.There are 11,363 acres of publicly owned and
Current timber harvest in the upper watershed ismanaged waterfowl habitat in the area, including
generally not a threat to chinook salmon orthe Butte Sink National Wildlife Refuge (733
steelhead holdingand spawning areas, acres), Gray Lodge Wildlife Area (8,375 acres),
Maintainingtheexistingharvestandwell-planned Upper Butte Sink unit of Gray Lodge (3,750
road construction will minimize any future effects,acres). The Gray Lodge WA is natural habitat in
Additional recreation areas must be carefullycomplex of wetlands and associated uplands
planned and implemented to preserve existing fishwhereas the Upper Butte Sink Unit and Butte Sink
habitat. Forest management, including reducingNWR are mostly agricultural land that will be
fire fuel loads, will protect riparian habitats andrestored to natural habitat. Hunting clubs maintain
streamflows and help to prevent excessivemore than 30,000 acres of habitat in a normal
sediment from being washed into the creek, year. Of this total, about 18,000 acres are natural

wetlands and 12,000 acres are harvested rice
The riparian corridor needs to be protected andfields flooded for hunting. Currently, 5,350 acres
improved in the lower and upper river. In theof private duck clubs are permanently protected
lower river, riparian habitat improvements will beby USFWS Conservation Easements in the Butte
coordinated with flood control managementBasin. The National Audubon Society owns and
activities in cooperation with local landowners, manages another 500 acres of wetlands at the Paul

L. Wattis Audubon Sanctuary west of Butte Creek
Salmon and steelhead passage will be provided at(Central Valley Habitat Joint Venture 1990).
diversion dams, including Western Canal, Durham
Mutual, Adams, Gorrill, McGowan, and The area is also seasonally important for salmon
McPherrin. In some cases, dams will be removed,and steelhead passage between the Sacramento
In others, fish ladders will be constructed orRiver and holding, spawning, and rearing areas of
upgraded. Migration into lower Butte Creek via the creeks. The sink is predominately wetlands
Butte Slough and the Sutter Bypass is the presentinterspersed with riparian vegetation all of which
means for salmon and steelhead passage to andis subject to frequent natural seasonal flooding,
from Butte Creek. Gates on the Sacramento Riverwhich are major reasons for its importance to fish
at the head of Butte Slough could be modified andand wildlife, particularly waterfowl.
operated to allow year-round passage of both
juveniles and adult fish. There may also be
improvements in the operation of weirs and
diversions in the Sutter Bypass channels that will
improve the survival of salmon and steelhead.
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VISION FOR THE VISIONS FOR ECOLOGICAL

ECOLOGICAL MANAGEMENT UNITS

MANAGEMENT ZONE PAYNES CREEK ECOLOGICAL

The vision for the Butte Basin Ecological
MANAGEMENT UNIT

Management Zone includes restoring importantThe vision for the Paynes Creek Ecological Unit
fishery, wildlife, and plant communities to health,is to improve steelhead trout and fall-run chinook
Generally, health will be attained when the statussalmon populations by improving streamflows and
of specific biological resources is no longer agravel spawning habitat. Paynes Creek can make
problem in the Delta. To attain this vision, this.minor but important contributions to the upper
program will seek to improve streamflow andSacramento River runs of these fish if adequate
riparian corridors, screen diversions, removeholding, spawning, rearing, and migration habitat
barriers to fish migration, and restore watershedare provided. Adequate streamflows are important
health through improved forest and rangelandfor maintaining and restoring the connectivity of
management, upstream spawning and nursery areas with the

mainstem Sacramento River. Sufficient flows
The vision for the Butte Basin Ecologicalmust be provided to cleanse and distribute new
Management Zone focuses on restoring physicalspawning gravels. The riparian corridor needs
processes and habitats and reducing stressors tosignificant improvement in several areas; some
meet spring-run chinook salmon and steelheadhave been denuded and will require significant
population levels of the late 1960s and earlyrevegetation.
1970s. In addition, improvements in the riparian
corridors will provide improved habitat for ANTELOPE CREEK ECOLOGICAL
waterfowl and other wildlife. The program

MANAGEMENT UNITproposes targets and actions that will increase
protection for naturally produced chinook salmon
and steelhead as they rear and migrate to theThe vision for the Antelope Creek Ecological Unit

is to increase its ability to make small
mainstem Sacramento River. Important actions tocontributions to chinook salmon and steelhead
improve survival include maintaining and
restoring a healthy riparian zone, which includespopulations by improving fall and spring flows,

ample shaded riverine aquatic (SRA) habitat,increasing spawning gravels and restoring riparian
corridors. The health of Antelope Creek will bewoody debris, and biologically productive gravel

beds for fish spawning and invertebrate
maintained so that it can provide seasonal inflow,
sediments, and nutrients to the Sacramento River.production. The vision also anticipates screening
Antelope Creek will provide important migratorymany small water diversions and providing

sufficient flows during important periods of adultcorridors for aquatic and terrestrial species.

migration and juvenile emigration. Antelope Creek could be important in some years
for salmon and steelhead with adequate flows and

The Ecosystem Restoration Program Plan (ERPP)improved spawning and rearing habitat.

recommends the following approaches for restor-
ing the Butte Basin Ecological Management Zone. MILL CREEK ECOLOGICAL

MANAGEMENT UNIT

Mill Creek is an important ecological unit in the
Butte Basin Ecological Management Zone. It
provides valuable habitat for anadromous and
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native resident fish. The vision for the Mill Creekapplication in designing and implementing similar
Ecological Unit is to increase spring- and fall-runprograms in other watersheds throughout the
chinook salmon and steelhead by maintainingSacramento Valley.
adequate streamflows, restoring riparian corridors,
and maintaining upper watershed health. ThisCumulatively, an investment in Deer Creek during
could be accomplished by implementing a locallyStage 1 will provide direct benefits to the creek
sponsored comprehensive watershed managementand provide the types of restoration information
and restoration program, and by implementingneeded to successfully move the Ecosystem
actions recommended for the Sacramento River,Restoration Program    into subsequent
Delta, and Suisun Mash ecological managementimplementation phases. A few of the lessons to be
zones. It is important to note that Mill Creek’slearned in the Deer Creek watershed include how
undisturbed condition offers holding andto improve overall watershed health; how to
spawning habitat which is essentially unchangedintegrate local, state, federal, and private efforts in
from historic times. Restoration of the creek’sa large-scale restoration program; how to design
anadromous fish populations may depend on theand implement actions to benefit spring-run
success of downstream restoration actions, chinook salmon and steelhead; and how to best

manage ecological processes such as sediment
DEER CREEK ECOLOGICAL transport and stream meander in a partially

MANAGEMENT UNIT modified stream system.

The Deer Creek Ecological Unit is one of theOne of the comerstones to the probable success of
more important ecological units in the Butte Basinthis effort is the Deer Creek Watershed
Ecological Management Zone. It provides forConservancy. The Conservancy is an active
highly valued populations of spring-run chinookorganization comprised of landowners within the
salmon and steelhead, both of which are problemswatershed who have joined together with state and
in the Delta, and populations of other chinookfederal resource management agencies to protect
salmon and resident native fish. The vision forand restore the unique ecological attributes of the
Deer Creek is to increase chinook salmon andwatershed. Though a stakeholder planning
steelhead runs by maintaining adequateprocess, the Conservancy has completed a
streamflows, spawning gravels, fish passage,watershed management plan including and
protecting and restoring riparian corridors, andexisting conditions report and an important
maintaining upper watershed health. This is beingwatershed management strategy which outlines
accomplished by a locally sponsoredactions to protect the future of Deer Creek.
comprehensive watershed management and
restoration program which is supported by many BIG CHICO CREEK ECOLOGICAL
state and federal agencies. MANAGEMENT UNIT

DEER CREEK WATERSHED DEMONSTR- The vision for the Big Chico Creek Ecological
ATION PROGRAM-" Deer Creek has been Management Unit is to increase runs of chinook
tentatively selectedas a demonstration watershedsalmon and steelhead by providing adequate
for the CALFED Stage 1 (first seven years) streamflows, providing unobstructed fish passage,
Implementation Program. During Stage 1,protecting and restoring riparian corridors, and
CALFED will support ongoing management andmaintaining upper watershed health. This could be
restoration efforts in the watershed. Success inaccomplished by implementing a locally
Stage 1 will set the stage for subsequentsponsored comprehensivewatershedmanagement
implementation phases as information derived inand restoration program.
the Deer Creek watershed will have broad

Volume I1: Ecosystem Restoration Program Plan
Butte Basin Ecological Management Zone Vision

~ ~o~u~ June 1999

254

C 019684
C-019684



I
BUTTE CREEK ECOLOGICAL           maintenance. Such flows would attract and

I MANAGEMENT UNIT improve the upstream migration of adult chinook
salmon.

The vision for the Butte Creek Ecological

I Management Unit is restoring spring-run chinookCOARSE SEDIMENT SUPPLY: Natural sediment
salmon and steelhead populations by improvingsupplies and gravel recruitment below major dams
fish passage, increasing and improvinghave been eliminated. Supplementing gravel and

I streamflow, consolidating and screeningother sediments at those sites and reactivating
diversions, and protecting and restoring thesediment transport in lower creek sections would
riparian corridor. These improvements will help toassist in maintaining ecological processes and

I restore and maintain habitats needed to support aimportant habitat substrates used for invertebrate
large population of spring-run chinook salmon andproduction and fish spawning. The vision is that
modest populations of fall-run chinook salmonexisting natural sediment supplies will be
and steelhead trout. Screening will allowprotected to maintain stream channel gradients,I continued water diversion for agricultural gravel spawningprovide for and invertebrate
purposes and for the seasonal flooding of privateproduction, and contribute to maintaining riparian
wetlands and adjacent wildlife refuges. Restoringvegetation.

I habitat Creek would allow theinButte spring-run
and fall-run chinook population to achieveSTREAM MEANDER: A natural stream meander
increased annual spawning populati6ns. .process will provide much of the habitat needed to

I support healthy riparian systems, wildlife, and
BUTTE SINK ECOLOGICAL aquatic species. The vision is that streams will be

MANAGEMENT UNIT allowed to naturally migrate consistent with flood
control requirements.

The vision for the Butte Sink Ecological
Management Unit includes restoring stream VISIONS FOR HABITATS

I channels, streamflow, and riparian SRA habitat, as
well as adjacent wetland habitat. ERPP alsoSEASONAt. WETLAND I-I/~d~ITAT: The vision
envisions restoring or maintaining streamis that increased seasonal flooding of leveed lands,

I channels, streamflows, and SRA habitat touse of the Butte Sinks’s natural flood detention
improve rearing and migrating conditions forcapacity, protection and enhancement of existing
salmon and steelhead and to improve habitats forwetlands, and development of cooperative

I resident native fishes, such as the Sacramentoprograms with local landowners will contribute to
splittail, increased habitats for waterfowl and other wetland

dependent fish and wildlife resources such as

I VISIONS FOR ECOLOGICAL shorebird, wading birds, and the giant garter
snake.

PROCESSES

I RIPARIAN AND RIVERINE AOUATIC
CENTRAL VALLEY STREAMFLOW: Healthy HABITATS: Habitats important to anadromous
streamflows are required to sustain sedimentfish production in this ecological zone are

i transport, stream meander, riparian plantimpaired by land use activities, including
communities and aquatic organisms. The vision isdevelopments along the stream corridors.
that streamflows will emulate (imitate) the naturalImprovements are needed to restore riparian,

i seasonal runoff pattern. This would include a late-shaded riverine (of rivers) aquatic (SRA), and
~ woody debris habitats. These, in tum, will supportsummeror early fall flow eventto sustain

ecological processes related to channel improved aquatic species survival. The vision is
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that the riparian system will provide shading to VISIONS FOR REDUCING OR
moderate water temperatures, provide habitat for

ELIMINATING STRESSORS
aquatic species, and provide a migration corridor
for birds and other terrestrial species.

WATER E)IVERSlONS." Removing water through
unscreened diversions is a direct source of young

FRESHWATER FISH HABITAT:Freshwaterfish
habitat is an important component needed tofish mortality. Reducing these losses would

ensure the sustainability of resident native andcontribute to overall ecosystem health by
fish species. The upper reaches of      promoting sustainable fisheries and higher popu-anadromous

lation levels. The vision is that alternative watercreeks in Butte Basin Ecological Managementsources will reduce reliance on instream diver-
Zone are typical of salmon-steelhead streams and
the lower section are typical of fall chinooksions and that water will be diverted in a manner

salmon spawning stream (Moyle and Ellisonthat does not impair efforts to restore aquatic

1991). The quality of freshwater fish habitat inspecies and riparian habitat.

these creeks will be maintained through actions       DAMS AND OTHER STRUCTURES:
Improvedirected at streamflows, coarse sediment supply,

stream meander, natural floodplain and floodthe opportunity for the successful upstream and

processes, and maintaining and restoring riparian
downstream migration of anadromous fish
species. The vision is that instream structures willand riverine aquatic habitats,
not impair the up- and downstream migration of

ESSENTIAL FISH HABITAT: The streams in this
aquatic species.

ecological management zone have been identified
as Essential Fish Habitat (EFH) based on the

HARVEST OF FISH AND WILDLIFE: The legal

definition of waters currently or historicallyand illegal harvest of chinook salmon and

accessible to salmon (National Marine Fishei’iessteelhead in the streams, Bay-Delta, and ocean
constrain the recovery of wild populations.Service 1998). Key features of EFH to maintain or

restore in these creeks include substrateHarvest rate reductions will be necessary to allow

composition; water quality; water quantity, depth recovery of populations. The vision is that harvest

and velocity; channel gradient and stability; food;will not impair efforts to rebuild chinook salmon
and steelhead populations.cover and habitat complexity; space; access and

passage; and flood plain and habitat connectivity.      ARTIFICIAL PROPAGATION OF FISH: The

artificial production of chinook salmon andAGRICULTURAL LANDS: Improving habitats on
and adjacent to agricultural lands in the Butte

steelhead supports important sport and ¢om-

Basin Ecological Management Zone will benefitmercial fisheries and mitigates loss of salmon and
steelhead habitat that resulted from dam con-native waterfowl and wildlife species.struction. Due to release practices, fish from

Emphasizing certain agricultural practices (e.g.,
several Central Valley hatcheries supplement thewinter flooding and harvesting methods that leavenaturally spawning salmon and steelhead in thesome grain in the fields) will also benefit many

wildlife that seasonally use these important
Sacramento River and its tributaries. Hatchery
salmon and steelhead may impede the recovery of

habitats, wild populations by competing with wild stocks
for resources. Hatchery-raised stocks, because of
interbreeding, may not be genetically equivalent to
wild stocks or may not have the instincts to
survive in the wild. If these stocks breed with wild
populations, overall genetic integrity suffers.
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Improvements in hatchery practices are necessaryreduce juvenile and adult fish survival. The vision
to ensure recovery of wild salmon and steelheadis that steelhead will fully use existing and

I populations. The vision is that hatchery practicesrestored habitat.
throughout the Sacramento Valley will not impair
the genetic integrity or identity of chinook salmonLAMPREY: The vision for anadromous lampreyI and steelhead in the Butte Basin Ecologicalis to maintain and restore population distribution
Management Zone. and abundance to higher levels than at present.

The vision is also to better understand life history
and factors which influence abundance.VISIONS FOR SPECIES identify
Lamprey are a California species of special

F/M.I.-RUN CHINOOK SALMON: The vision for concern. Because of limited information regarding

fall-ran chinook salmon is to recover all stockstheirstatus,distribution,andabundance,thevision
presently proposed for listing under the ESA,is that additional monitoring or research will
achieve naturally spawning populations levels thatprovide the data necessary to better manage these

! support and maintain ocean commercial and oceanspeciesandtheirhabitat.
and inland recreational fisheries, and the use fully
existing and restored habitat. Fall-run chinook willNATIVE ,gl~UR/M~ A~VlPHIBI,/M~S: The vision

I for the native anuran species is to stop habitat lossdirectly benefit from restorationactionsto
improve ecological processes and habitat, and byand the introduction of other species that prey on
reducing stressors that reduce juvenile and adultthe different life stages of these amphibians.

i fish survival. The vision is that fall-run chinookOngoing surveys to monitor known populations
salmon will be sustained at levels that fully useand find additional populations is essential to
existing and restored habitat, gauge the health of the species in this group. To

I stabilize and increase anuran populations, non-
SPRING-RUN CHINOOK SALMON: The vision native predator species should be eliminated from

for spring-run chinook salmon is to recover thishistoric habitat ranges. Increasing suitable habitat

I State-listed threatened species, achieve naturallyand maintaining clean water supplies that meet the
spawning population levels that support andneeds of the various species in this group is

maintain ocean commercial and ocean and inlandessential.

I recreational fisheries, and that fully use existing
and restored habitats. Spring-run chinook willNATIVE RESIDENT FISH: The vision for native
directly benefit from restoration actions toresident fish species is to maintain and restore by

I improve ecological processes and habitats, and bydistribution and abundance of species such as
reducing stressors that reduce juvenile and adultSacramento blackfish, hardhead, tule perch,
fish survival. The vision is that adult and juvenileSacramento sucker, and California roach.

I spring-run chinook salmon will fully use existing
and restored habitat. NEOTROPIC,AL MIGRATORY BIRDS: The

vision for neotropical migratory birds is to

STEELHEAD: The vision for steelhead it to maintain and increase populations through

recover this species listed as threatened under therestoring habitats on which they depend.

ESA and achieve naturally spawning populations

I of sufficient size to support inland recreationalGIANT GARTER SNAKE: The vision for the

fishing and that use fully existing and restoredgiant garter snake is to contribute to the recovery

habitats. Steelhead will directly benefit fromof this State and federally listed threatened species

I restoration actions to improve ecological pro- in order to contribute to the overall species

cesses and habitats, and by reducing stressors thatrichness and diversity. Achieving this vision will
reduce the conflict between protection for this
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species and other beneficial uses of land and waterMemorandum of Understanding (MOU) to create
in the Bay-Delta. Protecting existing and restoringa Mill Creek Watershed Management Strategy.
additional suitable wetland and upland habitatsThere are 17 partners to the MOU, including the
will be critical to achieving recovery of the giantU.S. Forest Service, California Department ofFish
garter snake. The proposed restoration of aquatic,and Game (DFG), Bureau of Land Management,
wetland,riparian,and upland habitats in the Butte California Department of Water Resources
Basin Ecological Management Zone will help in(DWR), The Nature Conservancy, Natural
the recovery of these species by increasing habitatResource Conservation Service, Los Molinos
quality and area. School District, and others. In 1995, the

Conservancy secured funding and developed a
VVATERFOWL: The vision for waterfowl is to work program for a cooperative, local resource
maintain and restore healthy populations at levelsmanagement approach. In 1996, a wide range of
that can support consumptive (e.g., hunting) andstakeholders participated in eight Scoping Study
nonconsumptive (e.g., birdwatching) usessessions to discuss goals and project priorities.
consistent with the goals and objectives of theThe result was the Mill Creek Watershed
Central Valley Habitat Joint Venture and theManagement StrategyReport, which contained 13
North American Waterfowl Management Plan. recommendations from the Watershed Advisory
Many species of resident and migratory waterfowlCommittee. The USFWS, through the CVPIA, has
will benefit from improved aquatic, wetland,provided funding for riparian restoration projects
riparian, and agricultural habitats. Increase use ofalong lower Mill Creek. Planting and monitoring
the Butte Basin Ecological Management Zone,will be done over a three-year period.
particularly in the Butte Sink Ecological
Management Unit, and possibly increases in some DEER CREEK WATERSHED
populations would be expected. CONSERVANCY

PLANT SPECIES AND COMMUNITIES: The The Deer Creek Watershed Conservancy was
vision for plan species and communities is tocreated by the property owners within the
protect and restore these resources in conjunctiondrainage to protect Deer Creek’s unique
with efforts to protect and restore wetland andecological values. The Conservancy provides a
riparian and riverine aquatic habitats.~ forum for all stakeholders to become involved in

the watershed and to share ideas regarding land
INTEGRATION WITH use decisions. The processes used by the

Conservancy helps build a common information
OTHER RESTORATION base, keeps communication channels open, and

PROGI atMS establishes trust and credibility among those
wishing to protect and enhance the watershed. The

WATERSHED first act of this conservancy was to author and
initiate legislation to prevent the construction of

ORGANIZATIONS any new dams within the watershed.

MILL CREEK CONSERVANCY BUTTE CREEK WATERSHED

The Mill Creek Conservancy is spearheading a
CONSERVANCY

cooperative approach to watershed managementThe Butte Creek Watershed Conservancy was
with special emphasis on protecting andformed to provide a forum for communication
enhancing chinook salmon and steelhead habitat,among stakeholders and property owners in the
In December 1994, the Conservancy developed a

Volume I1: Ecosystem Restoration Program Plan
-.~ ~Y.D~TA Butte Basin Ecological Management Zone Vision

~ P,~GP,~M June 1999
258

C--01 9688
C-019688



i
watershed and to develop a watershed planninglandowners. These groups are expected to work
and management program, together to maintain and restore streamflows and

fish and wildlife habitat, reduce impacts of
BIG CHICO CREEK WATERSHED diversions, and minimize poaching and habitat and

i ALLIANCE water quality degradation in basin streams. ERPP
may provide supporting funding for enhancing

The Big Chico Creek Watershed Alliance was streamflows, reducing fish passage problems,

I sponsored by the City of Chico to address specific screening diversions, restoring habitats, and
problems in the watershed. Still active, it has theincreasing Fish and Game Code enforcement to
potential to serve as the public forum to bringprotect recovering populations of salmon and
together stakeholders, landowners, and technicalsteelhead.
experts to develop a watershed management
program for Big Chino Creek. CENTRAL VALLEY PROJECT

| MPROVEMENT ACT
l FOUR PUMPS AGREEMENT

The U.S. Fish and Wildlife Service (USFWS) and
(Agreement Between the Department of Waterthe Bureau of Reclamation (Reclamation) areI Resources and the Department of Fish and Gameimplementing Valley Projectthe Central
to Offset Direct Fish Losses in Relation to theImprovement Act (CVPIA), which provides for
Harvey O. Banks Delta Pumping Plant.) Thisrestoration of habitats and species and elimination

I between the of Water of stressors. Key elements of the CVPIAagreement Departments many
Resources and Fish and Game is a mutuallyprogram include theAnadromousFish Restoration
beneficial program to protect and restore habitatProgram (USFWS 1997) and the Anadromous

I for anadromous fish, particularly for chinookFish Screening Program. The CVPIA calls for
salmon. Project-by-project funding is availabledoubling the salmon and steelhead populations in
through this agreement. Projects that providethe Butte Basin by 2002.

i quantifiable benefits to spring- and fall-run
chinook salmon, within specified cost-benefit SALMON, STEELHEAD AND
parameters, are generally approved for funding. ANADROMOUS FISHERIES

I PROGRAM ACT
Maintaining and restoring the ecological health of
the Butte Basin Ecological Management ZoneEstablished in 1988 by Senate Bill 2261, this Act

I units will heavily depend on local watersheddirects the DFG to implement measures to double
groups. The ERPP encourages similar watershedthe numbers of salmon and steelhead present in
groups on Paynes and Antelope Creeks. Efforts inthe Central Valley (CDFG 1993). The DFG’s
the Butte Basin will be linked to the Califomiasalmon and steelhead restoration program includes
Waterfowl Association, Ducks Unlimited, Thecooperative efforts with local governments and
Nature Conservancy, and the California riceprivate landowners to identify problem areas and

I industry. Overall efforts will require cooperationassist in obtaining funding for feasibility studies,
from resource agencies, such as DFG, DW1L U.S.environmental permitting, and project
Fish and Wildlife Service (USFWS), and the construction.

i National Marine Fisheries Service (NMFS), as
well as participation and support from the U.S.Other efforts to improve habitat and reduce
Bureau of Reclamation (Reclamation), the Naturalstressors will be coordinated with existing state

I Resources Conservation Service, and other privateand federal programs and with stakeholder
organizations, water districts, and individualorganizations. Their objectives include restoring
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!
Central Valley habitat and fish and wildlife LINKAGE TO OTHER
populations.

ECO LOG I CAL I
CENTRAL VALLEY HABITAT JOINT MANAGEMENT ZONES

VENTURE
Many of the resource elements in the Butte Basin ~

The Central Valley Habitat Joint Venture and theEcological Management Zone depend heavily on
North American Waterfowl Management Plan conditions or elements in otherzones. ¯
have developed objectives for wetlands in theAnadromous fish, for example, arehighly |
Butte BasinEcologicalManagementZone. Thesemigratory and depend on conditionsin the
objectives are consistent with the ERPP targetsmainstem Sacramento River, Delta, San Francisco ¯
developed for this Ecological Management Zone.Bay, and nearshore Pacific Ocean. Because these |

fish are affected by stressors throughout their
CALFED BAY-DELTA PROGRAM range, such as unscreened diversions, ¯

contaminants, water quality, harvest, and a variety |
CALFED has funded approximately 20 ecosystem of other factors, restoring anadromous fish
restoration projects in Butte Basin. Many of thesepopulations in the Butte Creek Ecological ¯
projects address improving fish passage andManagement Zone will require efforts in other |
restoring riparian habitat. One of the morezones.
significant projects constructed a siphon to pass an
irrigation canal under Butte Creek, removed fiveReducing or eliminating stressors in the down- 1diversion dams, and eliminated 12 unscreenedstream Ecological Management Zones and
diversion for the Western Canal Irrigation District. improving or restoring downstream habitat are

important to restoring healthy fish, wildlife, and ~
OTHER PROGRAMS plant communities in the Butte Basin Ecological

Management Zone. 1
¯ Lassen National Forest Land and Resource 1

Management Plan. RESTORATION TARGETS.¯ National Water Quality assessment Program-
the Sacramento River Basin. AND PROGRAMMATIC 1

¯ Redding Resource Management Plan. ACTIONS
¯ Deer Creek Water Exchange Project.
¯ The Watershed Management Initiative.

i¯ California Rivers Assessment (CARA). ECOLOGICAL PROCESSES
¯ Rangeland Water Quality Management Plan.
¯ Sierra Nevada Ecosystem Project. CENTRAL VALLEY STREAMFLOW 1
¯ Sacramento Coordinated Water Quality ¯

Monitoring Program. TARGt=’r 1 : Increase spring and fall flow in
¯ Sacramento River Toxic Pollutant Control Paynes Creek (~).

~
Program.

¯ Sacramento River Watershed Program. PROGRAMMATIC ACTION 1A: Develop a
¯ Tehama County General Plan. cooperative approach to increase flow in Paynes ¯
¯ Tehama County Groundwater ManagementCreek by acquiring water from willing sellers or

Plan. by developing alternative supplies.

TARGET 2: Increase flow in Antelope Creek []
during October 1 through June 30 (40.
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i
PROGRAMMATIC ACTION 2A: Develop a       and protect and restore other resources such as

I cooperative approach to evaluate opportunities toriparian vegetation.
increase flow in Antelope Creek. This involves
acquiring water from willing sellers or providingPROG~a~ta, TIC ACTION 7A: Support local

i altemative water supplies to diverters during thegroups in funding and developing watershed
upstream and downstream migration of adult andmanagement plans includingsupport for
juvenile spring- and fall-run chinook salmon andwatershed coordinators.
steelhead trout.

FbaTIONAI.~: The streams in the Butte Basin
T,~IG~" :3: Increase the flow in Mill Creek (~). Ecological Management Zone provide extremely

valuable habitat for spring-run chinook salmon
I Develop a trout, of the key attributes ofPROGRAMMATIC ACTION 3A: steelhead One

cooperative approach to increase flow in the lowerstreamflow in this Ecological Management Zone
8 miles of Mill Creek. This involves acquiringis providing for successful upstream passage of

I water from willing sellers or by providingadult fish. In addition, is the thatflow power
alterative water supplies to diverters during thedrives many ecological functions and processes
upstream migration of adult salmon and steelhead,linked to stream channel morphology, riparian

I communities, and fish habitat. Many of the
T~d~GET ~,.: Increase flow in the lower 10 miles diversions on these streams are for agricultural
of Deer Creek (~). purposes, and alternative water supplies during

important periods couldpermitflow to remain in
PROGRAMMATIC ACTION 4A: Develop a the creek while alternative sources are provided
cooperative approach to increase flow in the lower The lower watersheds of many of these streams

I section of Deer Creek. This involves innovativeare being subdivided, and additional demands are
means to provide alternative supplies during thebeing placed on the limited water supplies and

~ upstream migration of adult spring-run and fall-instreamflows. Two important periods are during

I run chinook salmon and steelhead trout, the upstream migration of adult spring-run
chinook salmon and the downstream migration of

T~,RG~r 5: Increase flow in Butte Creek (~). yearling spring-run chinook salmon and
i ~¯ steelhead, which typically occurs in late winter

PROGRAMMATIC ACTION 5A: Develop a and early spring. Water diversions often shorten
cooperative approach to increase flow in Buttethe migration season, when streamflows naturally

I Creek by acquiring water from willing sellers, decline. This is the period when supplemental or
alternative water supplies could be best used

TAnGET 6: Maintain a minimum year-round

I flow of 40 cfs in Butte Creek between the COARSE SEDIMENT SUPPLY
Centerville Diversion Dam and the Centerville
Powerhouse (~,~’). TARGET 1 : Develop a cooperative program to

I replenish spawning gravel in Big Chico Creek.
PROGRAMMATIC ACTION 6A: Develop a Especially target stream reaches that have been
cooperative program with PG&E to maintain amodified for. flood control so that there is no net
minimum flow in Butte Creek below theloss of sediments transported through the
Centerville Diversion Dam. Sycamore, Lindo Channel, and Big Chico Creek

split (~).
T,~a~GET 7: Develop and implement compre-
hensive watershed management programs toPROGRAMMATIC ACTION 1A: Assist in the
protect water quality, increase summer base flows,redesign and reconstruct the flood control box
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culvert structures on Big Chico Creek near theinfiltration through the streambed and maintaining
Five-Mile Recreation Area to allow the natural flow connection with the Sacramento River.
downstream sediments transport.

PROGRAMMATIC ACTION 1 B: Cooperatively
TARGET 2: Develop a cooperative program to evaluate whether a more defined stream channel
improve fall-run chinook salmon spawning habitatin the lower 10 miles of Deer Creek would
in the lower 8 miles of Mill Creek (,). facilitate stream meander, channel-floodplain

interactions, gravel recruitment and transport, and
PROGRAMMATIC ACTION 2A: Develop a riparian regeneration.
cooperative program to improve chinook salmon
spawning habitats in lower Mill Creek by RATlOt~ad.~:Stream meander belts are the areas
reactivating and maintaining natural sedimentin which natural bank erosion and floodplain and
transport processes, sediment bar accretions occur along streams.

Natural stream meander belts in alluvial areas of
T~RGET 3: Improve spawning gravel and gravel the Butte Basin Ecological Management Zone
availability in Butte Creek (,~). function dynamically. They transport and deposit

sediments and provide transient habitats
PROGRAMMATIC ACTION 3A: Develop a important to aquatic invertebrates and fish. They
cooperative program to improve spawning habitatalso provide and maintain surfaces that are
in Butte Creek by maintaining natural sedimentcolonized by natural vegetation that supports
transport processes, wildlife. The lower valley stream reaches in this

Ecological Management Zone serve as important
RATIONAl.E: Gravel transport and deposition migratory corridors to the upper watersheds for
processes in Butte Basin Ecological Management spring-run chinook salmon and steelhead and
Zone streams are essential. These processes provide spawning substrate for fall-run chinook
maintain spawning and rearing habitats of spring- salmon.
run and fall-run chinook salmon, steelhead trout,
and other native fishes. Opportunities to maintain HABITATS
and restore gravel recruitment are possible by
manipulating natural processes and controlling or SEASONAL WETLANDS
managing environmental stressors that adversely
affect gravel recruitment. T,a~IG~r 1 : Assist in protecting 10,000 acres of

existing seasonal wetland habitat through fee
STREAM MEANDER AND acquisition or perpetual easements consistent with

FLOODPLAIN the goals of the Central Valley Habitat Joint
Venture and the North American Waterfowl

TARGt=T ’1 : Preserve or restore the 50- to 100- Management Plan (~).
year floodplains along the lower reaches of
streams in the Butte Basin EcologicalPROGI~MMATIC ACTION 1A: Develop and
Management Zone, and construct setback leveesimplement a cooperative program to improve
to reactivate channel meander in areas presentlymanagement of 10,000 acres of existing, degraded
confined by levees (~,). seasonal wetland habitat,

PROGRAMMATIC ACTION 1A:Cooperatively TARGET 2: Develop and implement a
evaluate whether a more.defined stream channelcooperative program to enhance 26,150 acres of
in the lower 10 miles of Antelope Creek would existing public and private seasonal wetland
facilitate fish passage by minimizing water
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habitat consistent with the goals of the Central conservation easements or by voluntary land-
Valley Habitat Joint Venture and the North owner participation.
American Waterfowl Management Plan (,,).

TARGET :~: Develop a cooperative program to
PROGPdMVIMATIC ACTION 2A-" Restore and restore and maintain riparian habitat along the
manage seasonal wetland habitat throughout the lower 10 miles of Deer Creek (,~).
Ecological Management Zone.

PROGRAMMATIC ACTION 2A: Develop a
Po~TIOI~a.LE: Restoring seasonal wetland cooperative program to restore and maintain
habitats along with aquatic, permanent wetland, riparian habitat along Deer Creek by acquiring
and riparian habitats is an essential element of the conservation easements or by voluntary land-
restoration strategy for Ecological owner participation.theButteBasin
Management Zone. Restoring these habitats will
also reduce the amount and concentrations of TARG~rr 3: Develop a cooperative program to
contaminants that could interfere with restore and maintain habitatrestoring riparian alongBig
the ecological health of the aquatic ecosystem. Chico Creek (~,).
Seasonal wetlands support a high production rate
of primary and secondary food species and large PROGRAMMATIC ACTION 3A: Cooperate with
blooms (dense populations) of aquatic local landowners to encourage revegetation of
invertebrates, denuded stream reaches and to establish, restore,

and maintain riparian habitat on Big Chico Creek.
Wetlands that are dry in summer are also efficient
sinks for the transformation of nutrients and the TARGI-’T 4: Develop a cooperative program to
breakdown of pesticides and other contaminants, restore and maintain riparian habitat along Butte
The roughness of seasonal wetland vegetation Creek (4~).
filters and traps sediment and organic
particulates. Water flowing out from seasonal PROGRAMMATIC ACTION 4A: Cooperate with
wetlands is typically high in foodweb prey species local landowners to encourage revegetation of
concentrations and fine particulate organic matter denuded stream reaches and to establish, restore,
that feed many Delta aquatic and semiaquatic fish and maintain riparian habitat on Butte Creek.
and wildlife. To capitalize on these functions, most
of the seasonal wetlands of the Butte Basin RArlON, Od~: Many wildlife species, including
Ecological Management Zone should be subject to several listed as threatened or endangered under
periodic flooding and overland flow from river the State and federal Endangered Species Acts
floodplains. (ESAs), and several special-status plant species in

the Central Valley, depend on or are closely
RIPARIAN AND RIVERINE AQUATIC associated with riparian habitats. Riparian

HABITATS habitats support a greater diversity of wildlife
species than all other habitat types in California.

T,o~IGk~" 1: Develop a cooperative program to Riparian habitat degradation and loss have
restore and maintain riparian habitat along the substantially reduced the habitat area available
lower 10 miles of Mill Creek (~). for associated wildlife species. This habitat loss

has reduced water storage, nutrient cycling, and

PROGRAMMATIC ACTION 1A: Develop a foodweb support functions.

cooperative program to restore and maintain
riparian habitat along Mill Creek by acquiring
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FRESHWATER FISH HABITAT AND Management Zone to increase the forage for
ESSENTIAL FISH HABITAT wintering waterfowl and associated wildlife.

TARGET 1 : Maintain and improve existing RATIONAl.E: Following the extensive loss of
freshwater fish habitat and essential fish habitat native wetland habitats in the Central Valley,
through the integration of actions described for some wetland wildlife species have adapted to the
ecological processes, habitats, and stressor artificialwetlands of some agriculturalpractices

reduction or elimination, and have become dependent on these wetlands to
sustain their populations. Agriculturally created

PROGRAMMATIC ACTIONS: No additional wetlands include rice lands; fields flooded for
programmatic actions are recommended, weed and pest control; stubble management; and

tailwater circulation ponds.

RATIONAl.E: Freshwater fish habitat and
essential fish habitat are evaluated in terms of Managing agricultural lands to increase forage
their quality and quantity. Actions described for for waterfowl and other wildlife will increase the
ecological processes, stressor reduction, and survival rates of overwintering wildlife and
riparian and riverine aquatic habitat should strengthen them for migration, thus improving
suffice to maintain and restore freshwater fish breeding success (Madrone Associates 1980)
habitat and essential fish habitat.. For example,
maintaining freshwater and essential fish habitats Creating small ponds on farms with nearby
is governed by actions to maintain streamflow, waterfowl nesting habitat but little brood habitat
improve coarse sediment supplies, maintain will increase production of resident waterfowl
stream meander, maintain or restore connectivity species when brood ponds are developed and
of creeks in this ecological management zone and managed properly. Researchers and wetland
their floodplains, and in maintaining and managers with the DFG, U.S. Fish and Wildlife
restoring riparian and riverine aquatic habitats. Service and the California Waterfowl Association

have found that well managed brood ponds
AGRICULTURAL LANDS produce the high levels of invertebrates needed to

support brooding waterfowl. Other wildlife such

T~G~I" 1 : Cooperatively manage 108,832 acres as the giant garter snake will also benefit.

of agricultural lands (,~). Restoring suitable nesting habitat near brood
ponds will increase the production of resident

PROGRAMMATIC ACTION 1 A: Increase the waterfowl species.
¯ area of rice fields and other crop lands flooded in
winter and spring to provide high-quality foraging Restoring nesting habitat, especially when it is

habitat for wintering and migrating waterfowl and near brood ponds, will increase the production of

shorebirds and associated wildlife, resident waterfowl species. When the restored
nesting habitat is properly managed, large,

PROGRAMMATIC ACTION 1 B: Convert ground predators are less effective in preying on

agricultural lands in the Butte Basin Ecological eggs and young of waterfowl and other ground

Management Zone from crop types of low forage nesting birds. Managing agricultural lands to

value for wintering waterfowl and other wildlife to increase forage for waterfowl and other wildlife

crop types of greater forage value, will increase the overwinter survival rates of
wildlife and strengthen them for migration, thus

PROGRAMMATIC ACTION 1 C: Defer fall improving breeding success (Madrone andAssoc.

tillage on rice fields in the Butte Basin Ecological 1980)
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I
REDUCING OR ELIMINATING        bution. Diversions cause water, nutrient, sedi-

I STRESSORS ment, and organism losses. Seasonal and daily
water release patterns from storage may affect
habitat, water quality, and aquatic organism

WATER DIVERSIONS survival. Flood control releases into bypasses also
I TARGET 1 : Improve the survival of chinook

adultand juvenile fishstranding.cause

salmon and steelhead in Butte Creek by helping        DAMS AND OTHER STRUCTURES

I to install positive-barrier fish screens

T~d:tGr:T 1 : Improve chinook salmon and steel-
PROGRAMMATIC ACTION 1 A: Improve the head survival in Antelope Creek by developing a

I survival of juvenile chinook salmon and steelhead to reduce the of seasonalcooperativeprogram use
in Butte Creek by helping to the install screeneddiversion dams by 50% during the late spring,
portable pumps as an alternative to the Little Dryearly fall, and winter (,~).I Creek diversion.

PROGRAMMATIC ACTION 1A: Develop a
PROGRAMMATIC ACTION 1B: Increase the cooperative program to evaluate the reduced use

I survival of juvenile chinook salmon and steelheadof seasonal diversion dams thatbe barriers tomay
in Butte Creek by helping local interests to installmigrating chinook salmon and steelhead in
positive-barrierfish screens at the Durham-Mutual       Antelope Creek by acquiring water rights or

I Diversion Dam. providing alternative sources of water.

PROGFI~JVIMATIC ACTION lc: Increase the T,a~t6ET 2: Develop a cooperative program to

i survival of juvenile chinook salmon and steelheadimprove the upstream passage of adult chinookin Butte Creek by helping local interests to installsalmon and steelhead in Big Chico Creek by
positive-barrier fish screens at Adams Dam.           providing access to 100% of habitat located below

I PROGR/MVIMATIC ACTION 1 D: Increase the naturalbarriers(-~).
survival of juvenile salmon and steelhead in ButtePROGRAMMATIC ACTION 2A: Repair or

i Creek by helping local interests to install positive-reconstruct the fish ladders in Big Chico Creek to
barrier fish screens at Gorrill Dam. improve the upstream passage of adult spring-run

chinook salmon and steelhead trout.
PROGRAMMATIC ACTION 1E: Increase the

I survival of juvenile salmon and steelhead in Butte
PROGRAMMATIC ACrrlON Repair theCreek by evaluating the need to install a positive-Lindo Channel weir and fishway at the Lindo

barrier fish screen at White Mallard Dam. Channel box culvert at the Five Mile Diversion to

¯ I PROGRAMMATIC ACTION 1 F. Increase the
improve upstream fish passage.

survival of juvenile salmon and steelhead in theTARGt=T 3: Develop a cooperative approach to
Sutter Bypass by evaluating the need to install
positive barrierfish screens on diversions, ensure unimpeded upstream passage of adult

spring-run chinook salmon and steelhead in Mill

I RATIONALE: Diverting, storing, and releasing
Creek

water in the watershed directly affects fish, PROGR/~M~TIC ACTION 3A: Cooperatively
aquatic organisms, and nutrient levels in the develop and implement an interim fish passageI corrective program at Clough Dam on Mill Creeksystemand indirectly affects habitat, foodweb
production, and species abundance and distri-
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until a permanent solution is developedPROGR/~MATIC ACTION 1A’. Control illegal
cooperatively with the landowners, harvest by providing increased enforcement

efforts.
T~,RGET 4: Develop a cooperative program to
improve the upstream passage of adult spring-runPROGI:I/~/IM~TIC ACTION 1 B." Develop harvest
chinook salmon and steelhead in Butte Creek tomanagement plans with commercial and
allow access to 100% of the habitat below therecreational fishery organizations, resource
Centerville Head Dam (~.). management agencies, and other stakeholders to

meet the target.
PROGRAMM/~TIC ACTION 4A: Increase the
opportunity for the successful upstream passage ofPROGR/M~/IMATIC ACTION 1 C-" Reduce the
adult spring-run chinook salmon and steelhead onharvest of wild, naturally produced steelhead
Butte Creek by developing a cooperative programpopulations where necessary by marking
to evaluate the feasibility of removing diversionhatchery-reared fish and instituting a selective
dams, providing alternative sources of water, orfishery.
constructing new high-water-volume fish ladders.

PROGraMATIC ACTION 1D: Evaluate a
PROGRAMMATIC ACTION 4B: Improve marking and selective fishery program for chinook
chinook salmon and steelhead survival andsalmon.
passage in Butte Creek by cooperatively
developing and evaluating operational criteria andPaATIONALE: Restoring and maintaining chinook
potential modifications to the Butte Slough ouffall,salmon and steelhead populations to levels that

fully take advantage of habitat may require
PROGraMaTIC ACTION 4C-" Increase restrictions on harvest during, and even after, the
chinook salmon survival in Butte Creek byrecovery period Stakeholder organizations should
cooperatively helping local interests to eliminatehelp to ensure a balanced and fair allocation of
stranding at the drainage outfalls in the loweravailable harvest. Target population levels may
reach, preclude existing harvest levels of wild, naturally

produced fish. For populations supplemented with
~ 7"/ONALE: Dams and their associated hatchery fish, selective fisheries may be necessary
reservoirs block fish movement, alter water to limit the wiM fish harvest, while hatchery fish
quality, remove fish and wildlife habitat, and alter harvest levels reduce their potential to disrupt the
hydrological and sediment processes. Other genetic integrity of wild populations.
hu.man-made structures may block fish movement
or provide habitat or opportunities forpredatory /Id:ITIFICIAL PROP/~ATION OF FISH
fish and wildlife, which could be detrimental to
fish species of special concern. TARGET "1 : Minimize the likelihood that

hatchery-reared salmon and steelhead produced in
HARVEST OF FISH AND WILDLIFE the Coleman National Fish Hatchery will stray

into non-natal streams to protect naturally
T.~RG~"r "1 : Develop harvest managementproduced salmon and steelhead (,~).
strategies that allow the wild, naturally produced
fish spawning population to attain a level that fullyPFIOGP,~,MMATIC /~CTION 1/~.." Develop a
uses existing and restored habitat. Focus thecooperative program to evaluate the benefits of
harvest on hatchery-produced fish (~,I~,). stocking hatchery-reared salmon and steelhead in

the Sacramento River and Battle Creek. Stocking
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may be reduced in years when natural production REFERENCES USED TO
is high. DEVELOP THE VISION FOR

TARGET 2: Limit hatchery stocking if salmon or THE BUTTE BASIN
steelhead populations can be sustained by naturalECOLOGICAL MANAGEMENT
production (*.*). ZONE

PROGRAMMATIC ACTION 2A: Augment fall California Department of Fish and Game. 1993.
Restoring Central Valley streams: a plan forchinooksalmonandsteelheadpopulationsonly

when alternative measures are deemed insufficient action. Department of Fish and Game.
for populations recovery. November. 198 p.

TARGET 3: Minimize further threats of hatchery California Department of Fish and Game. 1996.
fish contaminating naturally produced chinook Steelhead restoration and management plan

for California. Department ofFish and Game.salmonandsteelheadstocks
February. 234 p.

PROGR~n~,x=e Ae’nON 3a: Adopt methods

Central Valley Venture. 1990.for selecting adult spawners for the hatchery from Habitat Joint
an appropriate cross-section of the available adult Central Valley Habitat Joint Venture
population. Implementation Plan, a component of the

North American WaterfowlManagement
~ r/ott~a.E: Hatchery augmentation should be Plan. February 1990.
limited to protect recovery and maintenance of
wild populations. Hatchery-reared salmon and Deer Creek Watershed Conservancy. 1998. Deer
steelhead may directly compete with and prey on Creek Watershed Management Plan. Prepared
wild salmon and steelhead. Hatchery fish may for The Resources Agency, State of
also threaten the genetic integrity of wild stocks by California, California State Water Resources
interbreeding with the wild fish. Although Control Board and U.S. Fish and Wildlife
irreversible contamination of the genetics of wild Service. June 1998.
stocks has occurred, additional protective
measures are necessary to minimize further Deer CreekWatershedConservancy. 1998. Deer
degradation of genetic integrity. Because of the Creek Watershed Management Plan:
extent of development on the Sacramento River Summary of plant and programs relevant to
and Battle Creek, stocking chinook salmon and the management of Deer Creek and the Deer
steelhead may be necessary to rebuild and Creek WatershedMay 1998.
maintain stocks to sustain sport and commercial
fisheries. Madrone Associates. 1980. Sacramento-San

Joaquin Delta wildlife habitat protection and
restoration plan. Prepared for the Califomia
Department of Fish and Game and U.S. Fish
and Wildlife Service.

Moyle, P.B., and J.P. Ellison. 1991. A
conservation oriented classification system for
the inland waters of California. California
Fish and Game 77(4): 161-180.
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National Marine Fisheries Service. 1998. Draft
proposed recommendations for amendment 14
to the Pacific Coast salmon plan for essential
fish habitat. March 26, 1998.

Resources Agency 1989. Upper Sacramento River
fisheries and riparian habitat management
plan. January. 158 p.

US Fish and Wildlife Service. 1997. Revised draft
anadromous fish restoration plan: a plan to
increase natural production of anadromous
fish in the Central Valley of California. U.S.
Fish and Wildlife Service. May 30, 1997.
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FEATHER RIVER/SUTTER BASIN
ECOLOGICAL MANAGEMENT ZONE

River and Honcut Creek support small runs of
fall-run chinook salmon. Sutter Bypass is an
important migration route for spring-run and fall-
run chinook salmon from Butte Creek. In most
years, almost all populations of upper Sacramento
River migratory fish are potentially affected by the
Sutter Bypass. The bypass system (Tisdale,
Colusa, and Moulton weirs) are configured such
that at river flows exceeding approximately¯
22,000 cfs, flows begin to begin to be diverted
into the bypass. During periods of high runoff, all
flows above 30,000 cfs are diverted into the
bypass. The Sutter Bypass also is an important
sp,awning and rearing area for splittail, which
migrate from tile Bay-Delta each winter to spawn
in flooded portions of the lower rivers, such as the

INTRODUCTION Sutter Bypass. Under certain hydrologic
conditions, bypass flooding may cause stranding

The Feather River/Sutter Basin Ecologicaland loss of juvenile fish and other aquatic
Management Zone contributes to the health of theresources.
Sacramento-San Joaquin River Delta by sustaining
ecological processes that support anadromous fishImportant ecological processes that would
and other aquatic and terrestrial wildlife and plantmaintain or increase Feather River/Sutter Basin
habitats in this zone and in the Delta. Streamflow,Ecological Management Zone health are:
sediment, and nutrients, including nitrogen,
phosphorous, and organic detritus coming from̄ streamflow,
this Ecological Management Zone, are all̄ coarse sedimentsupplies
important to the Delta. ¯ stream meander

¯ floodplain processes, and
Chinook salmon, white sturgeon, green sturgeon,=t water temperature.
steelhead and lamprey are important anadromous
fish species and striped bass and American shadImportant habitats include riparian wetlands,
are harvestable (sport) species that depend onshaded riverine aquatic (SRA), freshwater fish
healthy conditions in the Sacramento-SanJoaquinhabitat, and essential fish habitat. Seasonally
Delta and Feather River/Sutter Basin Ecologicalflooded wetlands are common through the lower
Management Zones. The Feather River isbasin portions and are extremely important habitat
important for spawning and rearing fall-run andareas for waterfowl, shorebird, and wading bird
spring-run chinook salmon, steelhead, white andguilds. Important species include all runs of
green sturgeon, striped bass, and American shad.chinook salmon, steelhead trout, sturgeon,
The Yuba River is important for fall-run chinook American shad, resident native fish guilds,
salmon, steelhead, and American shad, andwaterfowl guilds, shorebird and wading bird
potentially for spring-run chinook salmon. Bearguilds, and riparian wildlife guilds. Stressors,
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including flood control improvements, LIST OF SPECIES TO BENEFIT FROM
urbanization (floodplain encroachment), dams, RESTORATION ACTIONS IN THE
legal and illegal fish harvest, insufficient flow in FEATHER RIVER/SUTTER BASIN
the lower portions of most streams, high waterECOLOGICAL M/~IAGEMENT ZONE
temperature during salmon spawning and egg
incubation, poor water quality, stranding in flood¯ green sturgeon
bypasses and flood plains, hatchery stocking of̄ white sturgeon
salmon and steelhead, and unscreened or poorlȳ chinook salmon
screened water diversions, have affected thē steelheadtrout
health of anadromous fish populations. ¯ striped bass

¯ American shad
DESCRIPTION OF THE ¯ lamprey

MANAGEMENT ZONE ¯ splittail
¯ waterfowl
¯ neotropical migratory birds

The Feather River/Sutter Basin Ecological¯ plants and plant communities.
Management Zone includes thefollowing
Ecological Management Units:

I~ESCRIPTIONS OF
¯ Feather River Ecological Management Unit ECOLOGICAL MANAGEMENT
¯ Yuba River Ecological Management Unit U NITS
¯ Bear River and Honcut Creek Ecological

Management Unit, and FEATHER RIVER ECOLOGICAL
¯ Sutter Bypass Ecological Management Unit. MANAGEMENT UNIT

These units provide habitat for a wide variety ofThe Feather River, with a drainage area of 3,607
fish, wildlife, and plant species, square miles, is the largest Sacramento River

tributary downstream of Shasta Dam. Watersheds
of the various forks drain high-elevation ranges of
the Cascade Range and Sierra Nevada. Numerous
storage reservoirs are located, on the river,
including Lake Almanor and Butt Valley
Reservoir on the North Fork, Lake Davis and
Bucks Lake on the Middle Fork, and Little Grass
Valley Reservoir on the South Fork. Oroville and
Thermalito Reservoirs are on the mainstem below
the forks, and major water diversion take place at
both reservoirs. The lower Feather River
downstream of Oroville picks up the flow of
major tributaries, including Honcut Creek, the
Yuba River, and the Bear River.

has a natural (unimpaired)The FeatherRiver
Location Map of the Feather River/Sutter Basin Ecological streamflow pattern typical of streams that drain

Management Zone and Units. the higher Cascade Range and Sierra Nevada
elevations on the east side of the Sacramento
Valley. Flows peak in winter and spring. Lower

~ ~
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flows in summer and fall are sustained byto 2,000 to 3,000 cfs. In the driest years, winter
snowmelt and foothill and mountain springs. Inand spring flows average about 800 to 900 cfs,

m the wettest years, unimpaired monthly averagecompared to 1,100 to 1,500 cfs for unimpaired
flows in winter months average 24,000 to 48,000 flow. The opposite pattern is seen in summer and
cubic feet per second (cfs), whereas springfall, when storage releases for irrigation increase

m inflows are slightly lower at 18,000 to 28,000 cfs. base flows. Summer and fall flows in dry and
In dry and normal years, winter and springnormal years are approximately 50% to 60%
unimpaired flows range from 2,000 to 10,000 cfs. higher than unimpaired flows. Highest flows are

m in the driest years, unimpaired flows in wintersimilar to unimpaired flows. In late summer and
months average 1,I00 to 1,500 cfs and springfall of driest years, unimpaired and historical
flows average slightly higher at 1,500 to 2,000 cfs.flows are both in the 800 to 1,000 cfs range.

m The lowest unimpaired flows are 800 to 1,000 cfs
in August through October of the driest years. Unimpaired Monthly Average Flow
Summer and early-fall flows are normally 1,000 to

m 2,000 cfs, except in years of high rainfall, when
they range from 2,000 to 6,000 cfs. la000

10000

m               Historical Monthly Average Flow
; 6000

m 4000 -
3500 -

2000

3000 - 0

g 2500 -

~.1500 -

i
1000 -

Unimpaired Streamflow on the Feather River at Oroville, 1972-
500 - 1992 (Dry year is the 20th percentile year; normal year is the

0 - 50th percentile or median year.)

m Oroville Reservoir, the lowermost reservoir on the
Feather River, is the keystone of the State Water

Historical Streamflow on the Feather River below Oroville,          Project (SWP) operated by the California

m 1972-1992 (Dry year is the 20th percentile year; normal year is
the 50th percentile or median year.) Department of Water Resources (DWR). Water is

The natural flow pattern has been altered by
m reservoirs in the middle andstorage upper

watersheds and diversions in the lower river.
Comparing recent historical flows (1972 through

m 1992) and unimpaired flows for the same period
near Oroville indicates impaired flow extent. With
winter and spring inflows stored in reservoirs for

m summer and fa!l irrigation releases, there has been
a shift in the river’s flow pattern. In dry years,
winter and spring flows have been reduced from

m 2,000 to 6,000 cfs to 1200 to 1,600 cfs. In normal
years, the shift has been from 4,000 to 10,000 cfs
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released from Oroville Dam through a multilevelthe base of levees. In April 1998, thousands of
outlet to provide appropriate water temperaturesyoung chinook salmon were found stranded in
for the Feather River Hatchery and to protectbroad, shallow ponds on the flood plain near
downstream fisheries. Approximately 5 milesNelson Slough. Stranding, under certain flow
downstream from OrovilleDam, water is diverted condition, may be a source of mortality to
at the Thermalito Diversion Dam into thenaturally producedchinooksalmonintheFeather
Thermalito Power Canal, from there into theBasin. The losses probably occur from two
Thermalito Forebay and another powerhouse, andsources, entrapment by which young fish are
finally into Thermalito Afterbay. Water can beprevented from migrating downstream and
pumped from the Thermalito Diversion Pool backthrough predation by resident warmwater
into Oroville Reservoir to generate peaking power,gamefish such as largemouth black bass and other
The Fish Barrier Dam, located approximately 1members of the sunfish family and predation by
mile below the Thermalito Power Canal intake, iswading birds in the broad, shallow ponds. This
the upstream limit of anadromous fish migration,flood plain stranding needs further evaluation, but
The Oroville-Thermalito complex, completed inlimited engineering/technical evaluations indicate
1968, provides benefits to water conservation,that many of the levee borrow pits could be
hydroelectric power, recreation, flood control, and hydrologically reconnected to the river to allow
fisheries.

Feather River flows between the Thermalito 100,0o0

Diversion Dam and the Thermalito Afterbay outlet
are a constant 600 cfs. This river section is often

ao,000

referred to as the low-flow section. Water is
released through a powerhouse, then through the

a0,~co

fish barrier dam to the Feather River Hatchery, ~o,00o
and finally into the low-flow section. Thermalito
Afterbay serves both as an afterbay for upstream 2o,ooo
peaking-power releases to ensure constant river
and irrigation canal flows, and as a warming basin o
for irrigation water being diverted to the rice 1
fields. Because of warm water releases into the
Feather River from Thermalito Afterbay, water Naturally Spawning Fall-run Chinook Salmon Returns to the

temperatures in the approximately 14-mile section Feather River, 1953-1997 (does not include hatchery returns).

of salmon spawning area from the Thermalito
Afterbay outlet to the mouth of Honcut Creekjuvenile chinook to resume their seaward
(referred to as the high-flow section) are highermigration.
than in the 8 miles of the low-flow section. In
recent years, the low flow section has beenImportant resources in the Feather River
heavily used by fall-run chinook salmon spawnersEcological Management Unit include fall- and
to the extent that overuse is a problem due to reddspring-run chinook salmon, steelhead, white and
superimpostion (a situation in which freshgreen sturgeon, striped bass, American shad, and
spa~vners dig up existing salmon nests in order tolamprey. The Feather River Hatchery is the only
deposit their eggs). Central Valley egg source for spring-run chinook

salmon. Spring-run chinook salmon adults ascend
Juvenile chinook salmon and other species of fishthe river in spring, hold over during summer in
may become stranded on flood plain depressions,deep pools in the low-flow section, and are
shallow ponds, and toe drains or borrow pits alongallowed into the hatchery in September. These fish
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! are artificially spawned in the hatchery and also       flow section appears to be limited, possibly due to
spawn naturally on the riffles in the low-flowelevated water temperatures in summer or

I section from late September to late October.scouring of redds. The 2,000 steelhead
Introgression (hybridization)of fall-and spring-hatchery mitigation goal is comparable to the
run chinook salmon is a problem in the Featherpresent 10-year (1982 to 1983 through 1991 to

I River. About 20% of the tagged juvenile chinook 1992) average return to the hatchery of 1,454
salmon from females identified as spring runsteelhead and an angler catch in the Feather River
when returned were misidentified as fall-run,estimated as high as 7,785 fish. Steelhead
Similarly, about 29% of tagged juveniles fromjuveniles must remain in the river or be held in the
spring-run parents were misidentified as fall runhatchery for at least one year until they are large
when they returned as adults (Brown and Greenenough to begin their anadromous journey.

I 1997). A more recent analysis shows that in someAppropriate water temperature and flow in the
years misidentification may be as high as 74%.low-flow section are vital to continued Feather
Requirements for adult spring-run chinook salmonRiver steelhead program success.
holding and early spawning influence the
California Department of Fish and Game’sAmerican shad ascend the Feather River to spawn
(DFG’s) water temperature and flow from April through June. The number of shad in

I recommendations for the low-flow section, the river, and thus the success of anglers, depends
on the relative flow magnitude at the mouth of the

Feather River spring-run chinook salmonFeather and Sacramento Rivers. In the 1987 to

I population estimates during 1982 to 1991 1992 drought, Feather River flows in April
averaged 2,800 fish. This is greater than the pre-through June were relatively low and the number
project (i.e., SWP) average of 1,700 fish, of shad returning to the river was lower than

i primarily because of consistent cold-wateraverage.
deliveries to the hatchery and the low-flow section
of the river. The Feather River spring-run chinookStriped bass spawn in the lower Feather River

i salmon’s genetic status is uncertain. This stockdownstream of the Yuba River’s mouth from
may have hybridized with fall-run chinookAprilthroughJune. Striped bass are found in the
salmon, but the extent of hybridization and theriver during much of the year with a peak

i potential effect on spring chinook genetics in theoccurrence in July and August. Lamprey enter in
Central Valley is unknown, the spring and early summer to spawn and their

young remain for up to several years before
Most Feather River chinook salmon are fall-runmigration to the ocean.I fish that spawn in the low-flow section and below
from October through December. As with spring- YUBA RIVER I=eOLOGleAL
run fish, the present average run of fish returning MANAGEMENT UNITi to the hatchery and spawning in the river exceeds
the pre-project population. In addition to spawning The Yuba River watershed drains 1,339 square
escapement, about 10,000 salmon (fall and springmiles of the western Sierra Nevada slope andI includes portions of Sierra, Placer, Yuba, andcombined)runs are harvestedbyanglerseach
year. During 1968-1993, Feather River Hatchery Nevada Counties. The Yuba River is tributary to
produced about 7.4 million fall-run and 1.2the Feather River, which, in turn, feeds into theI million juvenile spring-run chinook salmon andSacramento River.
about 750,000 juvenile steelhead annually.

Three dams on the river have altered river flows
i Feather River steelhead are primarily hatcheryand fish Englebright Dam builtpassage. was by

stock, natural production of juveniles in the low-the U.S. Army Corps of Engineers (Corps) in
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1941 to collect placer mining debris thatthe upper basin, with a combined storage capacity
contributed to flooding in the Central Valley. of 400,000 af. Power-generation diversions of
Englebright Reservoir contributes storageabout 100 cfs are made into the Feather River
capacity, hydropower, and cool, bottom-released basin (from Slate Creek to Sly Creek), and about
water to the lower Yuba River. Most Englebright 600 cfs is diverted to the Bear River and Deer
Reservoir water, the lowermost storage reservoirCreek watersheds for power and irrigation (from
on the river and the upstream anadromous fishLake Spaulding to Drum Canal and the South
limit, is released through the Narrows 1 and 2Yuba Canal). A major portion of the watershed is
Englebright Dam powerhouses to generateunregulated, however, and very high flows pass
hydroelectric power. The 0.2 mile of river through Englebright Reservoir to the lower
between the dam and the two powerhouses has nowatershed during major storms.
flowing water unless the reservoir is spilling. The
0.7 mile of river from the Narrows 1 and 2
powerhouses to the Deer Creek mouth has steep Historical Monthly Average Flow
rock walls; long, deep pools; and short stretches of
rapids. Below this area, the river cuts through 1.3
miles of sheer rock gorge called the Narrows,
forming ~i single large, deep, boulder-strewn pool.

The river canyon opens into a wide floodplain
several miles beyond the downstream end of the
Narrows, where large quantities of hydraulic
mining debris remain from past gold-mining
operations. This 18.5-mile section is typified as
open-valley plain. Daguerre Point Dam, 12.5
miles downstream from Englebright Dam, is the
major lower-river diversion point. The open plain
continues 7.8 miles below Daguerre Point Dam to Historical Streamtlows on the Yuba River below Englebright
beyond the downstream Yuba Goldfields Dam, 1972-1992 (Dry year is the 20th percentile year; normal

terminus. This section is primarily alternating year is the 50th percentile or median year.)

pools, runs, and riffles, with a gravel and cobble
substrate and contains most of the suitable lowerThe natural, unimpaired flow pattern in the Yuba
Yuba River chinook salmon spawning habitat. River is typical of Sacramento Valley tributaries

with headwaters in the Sierra Nevada. Flows are
The remaining section of the lower Yuba Riverhighest in winter and spring, decreasing quickly in
extends approximately3.5 miles to its confluencelate spring. Annual inflow is highly variable.
with the Feather River. This river section isBasin inflows in winter months of years with the
bordered by levees and is subjectto Feather Riverhighest rainfall average 15,000 to 25,000 cfs,
backwater influence, whereas inflow in the driest years averages 300 to

600 cfs. In the driest years, inflow in summer and
In the upper Yuba River watershed aboveearly fall averages only 0 to 100 cfs. In dry and
Englebright Reservoir, storage reservoirs affectnormal water years, average monthly inflows in
the natural flow pattern. The major storagesummer and early fall are 200 to 600 cfs.
reservoir is New Bullards Bar on the North Fork,
with a storage capacity of about 1 million acre- New Bullards Bar and Englebright Reservoirs
feet (af) and a watershed area of 490 square miles,store winter and spring flows and distribute water
Fifteen other reservoirs have been constructed inmore evenly throughout the year and from year to
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!
year. Summer andearly-fall irrigation releasesare only remaining wild steelhead fishery in the
substantially higher than unimpaired flo~vs. In the Central Valley. All other streams that have wild
driest years, reservoir releases increase base flows population, have population that are either so low
in summer and early fall by 0 to 100 cfs to 70 to that they do not support a fishery or are closed to
260 cfs. In dry years, summer flows are 500 to angling. Spring-ran chinook salmon abundance
900 cfs compared to unimpaired flows of 190 to and status in the Yuba River is not known.
230 cfs. Spring flows in dry and normal years are Directed efforts are required to determine if it is a
300 to 900 cfs, as compared to unimpaired flows component of the fishery and whether additional

I of 700 to 1,200 cfs. In years with the highest management andrestoration measuresare
rainfall, flows are similar to unimpaired flows, required.
averaging 10,000 to 20,000 cfs in winter months.

I Diversions in the lower river, primarily from just Fall-run chinook salmon is the most abundant
above Daguerre Point Dam, reduce lower river anadromous fish species in the lower Yuba River.
flows during the irrigation season. Flows from Historically, the Yuba River supported as much as

I August through October at Marysville are 15% of the annual fall-run chinook salmon run in
generally higher than unimpaired flows, whereas the Sacramento River system. Run sizes in the
flows from March through June are substantially Yuba River have varied over the period of record
lower. In the driest years, summer flows are 70 to (1953 to 1989), ranging from 1,000 fish in 1957 to
90 cfs and winter flows are 190 to 230 cfs. Spring 39,000 fish in 1982. Approximately 60% of those
flows in dry years are 340 to 440 cfs compared to salmon spawned between Daguerre Point Dam
unimpaired flows of 800 to 3,700 cfs. and the Highway 20 bridge, with most of the

remaining fish spawning above Highway 20 or

Historical Monthly Average Flow
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! ,Historical Streamflow on the Yuba River at Marysville, Fall-run Chinook Salmon Returns to the Yuba River, 1953-1997.1972-1992(Dry year is the 20th percentile year; normal year
is the 50th percentile or median year.)

below the dam. Presently, fall-run chinook salmon
The Yuba River is one of the most important spawning runs average 13,050 fish annually.
Ecological Management Units in the Feather

I River/Sutter Basin Ecological Management Zone. Historically, there has been a small spring-run
The river supports highly valued populations of chinook salmon spawning population in the Yuba
steelhead trout and fall-run chinook salmon, as River. The run had almost disappeared by 1959,

I well as populations of other anadromous and presumably because of diversions and hydraulic
resident fish communities. The Yuba River is the development projects. A remnant of the spring-run

I             ~_ CXL~                                                                  Volume I1: Ecosystem Restoration Program Plan
.-.= ~a~-~ra Feather River/Sutter Basin Ecological Management Zone Vision

¯ l=== m~;PJ~ June 1999

I 275

C--01 9705
C-019705



I
chinook salmon population persists in the lowertherefore, most of the population is restricted to m
Yuba River. It is maintained by fish produced inthe river sections below the dam. Reduced flows
the river, salmon straying from the Feather River,below Daguerre Point Dam, particularly in spring
and infrequent stocking of hatchery-reared fish byand early summer, are a primary factor in the
DFG (a practice that has been discontinued), decline of the American shad run.

The lower Yuba River supports a seasonalThe three most significant diversions along the 1
American shad sport fishery from late April tolower Yuba River are at or just upstream of
July. The fishery is confined to the area betweenDaguerre Point Dam. Water is generally extracted
Daguerre Point Dam and its confluence with thefrom late March through October. Hallwood
Feather River. Studies have shown that the shadIrrigation Company, Cordua Irrigation District,
fishery on the Yuba River has declinedand Ramirez Water District share one diversion;
significantly in the past two decades. The run wasthe Brophy and South Yuba Water Districts share
estimated at 30,000 to 40,000 spawning adults inanother; and Browns Valley Irrigation District
1968 and 40,000 adults in 1969. In recent years,operates a third. The combined diversions can
however, the shad run has been only a fraction ofreach a maximum of 1,085 cfs (see table below).
that level. Daguerre Point Dam limits the upstream
migration of American shad. The dam is equipped ¯
with two conventional pool-and-weir-type
fishways. Shad do not generally enter fish ladders;

Table 6. Diversion Rates in Acre-Feet per Month for the Major Water Districts Supplied by the Yuba i
County Water Agency on the Lower Yuba River

South
iHallwood                     Ramirez Browns Valley Brophy Yuba

Irrigation Corda Irrigation Water Irrigation Water WaterDistrictCompany District District District District l
Month WR WR P WR WR P P P

March 0 0 0 0 0 0 520 300
lII

April                    10,000      4,500       900        2,010       2,269       1,667       4,795       3,000

May 14,500 10,600 2,120 3,270 2,345 1,666 6,460 4,000

June 14,100 10,400 2,080 2,745 2,269 1,667 6,670 4,200

July 13,600 11,100 2,620 1,920 2,345 2,500 6,985 4,400

August 12,900 I 1,000 2,600 1,755 2,345 2,000 5,525 3,400 1

September 8,000 5,900 1,180 1,500 2,269 0 3,750 2,400

October 4,900 6,500 500 700 2,345 0 625 400 i

Total 78,000 60,000 12,000 13,900 16,187 9,500 35,330 22,100

Maximum cfs 275 - 275 75 38.2 42 230 150

Notes:    WR = basic water right of water district.
P = purchase water through contract with Yuba County Water Agency.

Vo/ume I1: Ecosystem Restoration Program P/an
Feather River/Sutter Basin Ecological Management Zone Vision

June 1999
276                                                    -

C--01 9706
C-019706



I Juvenile chinook salmon, and likely juvenileThe natural or unimpaired Bear River flow pattern
steelhead, are lost at all diversion intake structuresis typical of foothill streams, with high winter and

I because of impingement on screens, entrainmentspring flows and very low summer and fall flows
into unscreened diversions, or predation in thein wet years. Summer and early-fall inflows
river adjacent to the intakes. Although losses atremain near 0 cfs in dry and normal years. Honcut

I individual diversions may not be significant, theCreek has a similar unimpaired flow pattern that
cumulative impact of all diversion-related lossesincludes low annual flow in dry years and very
may be substantial. DFG estimated that beforelow summer and fall flows in most years.

I 1970, approximately 200 steelhead trout spawned
in the river annually, and the potential existed forBear River flows are almost entirely regulated by
about 2,000 spawning adults after completingseveral storage reservoirs and numerous

I New Bullards Bar Reservoir. diversions. Camp Far West is the largest storage
reservoir, followed by Rollins Reservoir in the

BEAR RIVER AND HONCUT CREEK upper watershed near Grass Valley and Aubum.

I ECOLOGICAL MANAGEMENT UNIT The South Sutter Irrigation District (SSID)
Diversion Dam is the largest diversion. Minimum

The Bear River is the second largest tributary toflow releases below the diversion into the Bear

I the Feather River, with a watershed area of 300River are 25 cfs in spring and 10 cfs during the
square miles. It enters the Feather River at riverrest of the year. Flows from June through
mile (RM) 12, immediately upstream from theDecember are generally 0 to 40 cfs except in the

I town of Nicolaus. Honcut Creek flows into the wettest years. Flows in years of high rainfall are
Feather River from a small foothill watershedsimilar to unimpaired flows from fall to spring,
approximately 15 miles below Thermalito. Inaveraging 3,500 to 5,200 cfs in winter; summer

i highest rainfall years, winter flows average 3,400flows are 30 to 50 cfs, compared to unimpaired
to 5,600 cfs. In normal years, winter inflows areflows of 70 to 150 cfs.
600 to 800 cfs. In the driest years, watershed
inflows average only 20 to 65 cfs in winter monthsThe upstream anadromous fish limit is the SSID

I and 0 cfs in all other months. Dam, approximately above theDiversion 15miles
Feather River confluence. The Bear River once
supported substantial salmon and steelhead runs,I but because of low flows in the lower river below

Historical Monthly Average Flow the SSID Diversion Dam, no self-sustaining
salmon runs presently exist, and the status of

~ ¯ steelhead is unknown. Occasionally, when heavy
~ooo - fall rains and sufficient spillage take place at the

SSID Diversion Dam, hundreds of fall-run
chinook salmon and steelhead may ascend and
spawn                                                                               .in the lower Bear River. In addition to the

~o effects of Camp Far West Reservoir and the SSID
i l

"
diversion, other factors have contributed to
streamflow problems in Bear River. These include
numerous small water diversions and

I hydroelectric projects in the lower and upper
watersheds. Agencies involved in these projects
are the Nevada Irrigation District, Pacific Gas and

I Historical Streamflow the Bear River Electric Company, Placer County Water Agency,
on nearWheatland,

1962-1992(Dry year is the 20th percentile year; normal year and SSID. Portions of the water supply go to
is the 50th percentile or median year)
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Auburn and Grass Valley. The proposed Gardenstranded (trapped) in isolated pockets and die
Bar project, which would capture more of the when floodwaters recede from the bypass and _
winter streamflow for water supply, is currentlyrespective overflow weirs (Tisdale, Colusa, and
inactive. Moulton).

The major attribute of the Honcut Creek is itsSutter Bypass is also an important area for
linkage to the District 10 area immediately northwaterfowl and wildlife. The bypass has remnant
of Marysville. This area encompasses thousandsriparian woodlands and wetlands and is part of the
of acres of private wetlands and flooded rice fieldsSuRer National Wildlife Refuge. SuRer Refuge is
which provide important wintering and foragingthe only publicly owned waterfowl habitat in the
habitat f or waterfowl. Sutter basin. It consists of 2,590 acres of

seasonally and permanently flood marsh and
The Bear River and Honcut Creek Ecological scattered uplands. Private duck clubs provide an
Management Units are presently less ecologically1,500 acres of habitat of which about 500 acres
important for anadromous fish species than theare natural wetland. Most of the private duck
other units in this Ecological Management Zoneclubs and nearly all of the natural wetlands in this
because of the extensive water development andarea are located in the SuRer Bypass (Central
inadequate natural summer and fall base flows. InValley Habitat Joint Venture 1990). The northern
some years, these streams provide habitat for fall-end of the bypass is connected to the extensive
run chinook salmon, steelhead, and resident nativemarshlands of Butte Sink. Large areas of the
fish populations. The overall ecological health ofbypass are used to grow irrigated crops, such as
the Bear River and Honcut Creek Ecologicalrice.
Management Units, however, is poor.

FORTIlE
SUTTER BASIN ECOLOGICAL

MANAGEMENT UNIT ECOLOGICAL
MANAGEMENT ZONE

The Sutter Bypass section of the Sutter Basin
provides important waterfowl habitat and servesThe vision for the Feather River/Sutter Basin
as a migratory route for salmon and steelhead inEcological Management Zone includes restoring
the upper Sacramento River and its tributaries,and enhancing important fishery, wildlife, and
particularly Butte Creek. Salmon and steelheadplant communities by restoring ecological
migrating to Butte Creek use Butte Slough, whichprocesses and habitats and reducing stressors.
originates at the Butte Slough Outfall Gates andAttaining this vision requires restoring or
ends at the north end of the SuRer Bypass. Thereactivating important ecological processes that
reach within the Sutter Bypass is generallycreate and maintain fish, wildlife, and plant
referred to as the East and West Barrows and thecommunity habitats throughout the Ecological
connection with the Sacramento River is theManagement Zone.
Sacramento Slough. In wet years, when
Sacramento River overflows into the bypass, bothThe vision for this Ecological Management Zone
upstream-migrating adults and downstream-focuses on maintaining and improving floodplain
migrating juvenile salmon and steelhead use Butteand flood processes, streamflow, coarse sediment
Slough, the East and West Barrows, andrecruitment andtransport, and seasonally flooded
Sacramento Slough. Native resident fish,aquatic habitats that provide important wintering
including splittail, also use the bypass as spawningareas for waterfowl and shorebird guilds. Actions
and rearing habitat. In wet years, some salmon,to reduce stressors include the installation of
steelhead, and native resident fish may becomescreen on diversions, upgrading or installing fish

~ c.au~
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passage facilities at diversion dams or other
obstacles to fish migration, providing suitable VISIONS FOR
water temperatures for summer rearing, reducing

ECOLOGICAL MANAGEMENTthe extent of stranding loss of juvenile fish, and
limiting the adverse effects of introducing UNITS
hatchery fish on endemic aquatic species.

FEATHER RIVER ECOLOGICAL
Hatcheries in this and adjacent Ecological MANAGEMENT UNIT
Management Zones will be operated to preserve
the genetic identity of endemic, naturallyThe vision for the Feather River Ecological
spawning chinook salmon and steelhead troutManagement Unit is to improve natural spawning
stocks. Hatchery-produced fish will be used to populations of spring- and fall-run chinook
support sustainable ocean recreational andsalmon and steelhead. This involves improving
commercial fisheries and directed fisheries in thespring (March) flows below Oroville in dry and
natal streams. Marking techniques will enablenormal water-years, improving spring through fall
sport and commercial anglers to distinguishbase flows, providing suitable water temperatures
between hatchery-produced and naturallyfor summer rearing, and improving spawning and
produced fish. Additional genetic analyses of therearing habitat in the lower river below Oroville.
Feather River and Yuba River spring-run chinookThe vision also includes implementation of
populations are necessary to determine the valueadaptive management components of monitoring
and role of these stocks in efforts to rebuildand research to collect the scientific information
Feather River and other basin populations. Inrequired to best judge the merits of additional
addition, the hatcheries may play an extremelyflows and the timing for additional flows that
important role in the propagation of geneticallywould provide the highest benefit for aquatic
pure, wild spring-run chinook salmon andspecies andhabitatmaintenance.
steelhead. These fish would be used to reestablish
populations in areas that formerly supported theThe vision for the Feather River includes
species, reactivating or maintaining important ecological

processes that create and sustain habitats for
Green sturgeon and white sturgeon use the Featheranadromous fish. The Feather River must not only
River for spawning, but additional studies arecontribute substantially to the growth of many fish
needed to identify and describe the species’populations, but provide better support for
habitat requirements and status in this basin. Thenaturally spawning steelhead, fall- and spring-run
Feather River could contribute more substantiallychinook salmon, American shad, white and green
to the overall sturgeon health and abundance if thesturgeon, lamprey, and striped bass. The most
species’ life history and habitat requirements wereimportant processes include floodplain and flood
known and habitat conditions maintained toprocesses and a natural streamflow pattern in the
benefit sturgeon along with other importantriver, to which most of the anadromous and
species. Splittail would benefit fromresident native fishes are adapted.
improvements in riparian and stream meander
corridors, wetlands with connection to the rivers,Higher, more natural spring flow events may
and floodplain overflow basins and floodencourage spring-run chinook salmon, steelhead,
bypasses, sturgeon, American shad, and striped bass move

upstream into the Feather River during their
traditional migrations in spring. Higher flows may
also benefit juvenile fall-run chinook salmon
migrating downstream and juvenile salmon
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migrating out of lower Feather River tributaries.At present, sufficient stored water remains in the
These flows will also benefit stream-channel andYuba River system (in New Bullards Bar
riparian vegetation in the lower river and,Reservoir) to help restore and maintain the river’s
consequently, will benefit fish. Improved ripariananadromous fish runs. Providing the needed
habitat will also benefit riparian-associatedstreamfiow, temperature, and screens for the lower
wildlife, such as those in the neotropical migratoryYuba River will affect storage in the reservoir and
bird guild. The added flows coming from therequire operation changes at diversions in the
Feather River will also benefit juvenile salmonlower river. An early spring flow event in the
and steelhead from other Feather and Sacramentolower river during dry and normal water years will
River tributaries in their journey through the lowerimprove upstream passage for spring-run chinook
Sacramento River below the Feather River andsalmon, and improve spawning conditions for
through the Delta and Bay. steelhead, sturgeon, and American shad. Such a

flow event would also improve downstream
Improving habitat in the lower Feather River willmigration conditions for juvenile fall-run chinook
encourage natural production of these anadromoussalmon, steelhead, and sturgeon. The higher flows
fish. Improving spawning habitat will increasewill also improve natural stream-channel and
young salmon and steelhead production. Restoringriparian habitat conditions in the lower river,
or maintaining stream-channel and riparianconsequently benefitting fish as well as a variety
vegetation and reducing the extent of juvenile fishof other aquatic and terrestrial wildlife species.
stranding will increase the survival and productionReducing mortality at diversions and improving
of juvenile salmon and steelhead. Providingstream-channel and riparian habitat will also
suitable water temperatures for summer rearing byimprove fish production. Restoring or maintaining
managing cold water releases from Lake Orovilleriparian habitat will provide substantial benefits to
will significantly improve natural steelheadriparian-associated wildlife species in the
production, neotropical migratory bird guild.

YUBA RIVER ECOLOGICAL High water temperatures in late spring, summer,
M/~d~iAGEMENT UNIT and fall in the lower river can be improved by

constructing a multiple-level outlet on Englebright
The vision for the Yuba River is to improve springDam. Water temperature control will also be
streamflows for spawning runs of spring-runimproved by maintaining the stream channel
chinook salmon (potentially), steelhead, sturgeon,configuration and riparian vegetation of the lower
and American shad. These flows will also benefitriver. A channel with more diversity, including

islands, backwaters, and shaded riverine aquaticdownstreammigrationof juvenilefall-runchinook
salmon, steelhead, and sturgeon. Improvinghabitat, will reduce river heating and provide cool-
streamflows will also benefit stream-channel andwater refuges for juvenile fish. Reducing the

resident species, including number of ponds linked to the lower river (e.g., inriparianhabitat;native
splittail, that spawn farther downstream in thethe Yuba Goldfields) will reduce the input of
Feather River; and other species that reside furtherwarmer water. Encouraging the flow of cool
downstream in the Bay-Delta estuary. The visiongroundwater from the Goldfields through small
also includes evaluation of gravel recruitment andstream channels lined with riparian vegetation
sediment transport processes, stream-channelmay not only reduce heating, but also provide

and riparian habitats in the lower cool-water refuges for juvenile steelhead. Theconfiguration,
Yuba River floodplain to improve anadromouspotential benefits of constructing exclusionary
and resident fish production and survival, devices to prevent adult chinook salmon and

steelhead from entering the Goldfields should be
evaluated.

Volume I1: Ecosystem Restoration Program Plan
Feather River/Sutter Basin Ecological Management Zone Vision

June 1999
280

C--01 971 0
C-019710



Gravel sources will be protected and the naturalStressors, such as unscreened diversions, fish
supply supplemented where and when necessary,passage problems, and illegal and legal harvest,
Existing and past gravel mining operations in theshould be reduced to improve health of salmon
stream channel, which affect the natural fluvialand steelhead populations. A cooperative will be
sorting and cleansing of gravel and inhibit graveldeveloped program to evaluate the feasibility of
recruitment downstream, will be changed to limitscreening irrigation diversions along the lower
their effects. Yuba River. Upstream and downstream fish

passage at Daguerre Point Dam should be
Stream-channel and riparian habitat will beimproved and entrainment of juvenile steelhead
improved by promoting conservation of the lowerinto the diversion should be eliminate.
river meander zone and active floodplain, rapidly
phasing out gravel mining in the floodplain, andMeasures being considered to reduce harvest of
protecting shorelines and levee riparian vegetationnaturally produced chinook salmon in sport and
from any damaging activities. Vegetation maycommercial fisheries include restricting harvest
need to be planted or the disturbed channel andand marking all hatchery-produced fish to permit
floodplain regraded in certain areas to hasten andselective harvesting of hatchery fish. Enforcement
sustain recovery. Major efforts will be required to and public education measures will be undertaken
control or eradicate tamarisk and giant reedto ensure that harvest rates for salmon and
infestations, which prevent natural vegetationsteelhead are minimal. The current practice of
succession by native tree species. Improving thestocking spring- and fall-run chinook salmon and
stream-channel configuration, such as shaded sidesteelhead using fish reared in the Feather River
channels and backwater areas that are heavilyHatchery should be reconsidered. The
influenced by cool groundwater, will increaseramifications of this practice for wild stocks in the
available spawning and rearing habitat andFeather River and adjacent Central Valley
improve juvenile salmon and steelhead productionwatersheds require careful consideration. Efforts
in the lower river. Improving woody and otherto evaluate the genetic integrity of spring-run
cover types in and along the stream margin willchinook salmon stocks in the Feather River will be
also increase juvenile salmon and steelheadexpanded to include fall-run chinook salmon and
production, steelhead. Criteria used to select genetic types of

adult salmon and steelhead for the hatchery will
Steelhead and spring-run chinook salmon maybe carefully evaluated to minimize possibly
greatly benefit from actions to restore access todamaging effects on the genetic integrity of wild
historical holding, spawning and rearing areaspopulations in the Central Valley.
upstream of Englebright Dam. Evaluations are
needed on the extent and quality of habitat aboveBEAR RIVER AND HONCUT CREEK
Englebright Dam, the nature and quantity ofECOLOGICAL MANAGEMENT UNITS
sediments in reservoir, presence anythe the of

chemical contaminants in the sediments, andThe vision for the Bear River and Honcut Creek
short- and long-term economic impacts. TheseEcological Management Units is to improve

are required so can conditions for fall-run chinook salmon andevaluations thatdecisions be
formulated regarding the efficacy of restoring fishsteelhead by maintaining and improving stream-
access to stream reaches above Englebright Damchannel, riparian, and floodplain habitat; ensuring
and are an integral element of the CALFEDadequate spawning gravels; and, where possible,
adaptive management approach to ecosystemimproving late-fall flows for adult salmon
restoration, spawning migrations and late-winter flows to

support young emigrating river.salmon fromthe
In addition, improving gravel recruitment and
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riparian habitat would provide adeqttate habitat forwinter or early spring that typically occurred at
salmon and steelhead in years when they use theseleast once in dry and normal years prior to water
streams. In addition to improving floodplainsupply development on the rivers.
habitats, upper watershed health should be
improved by reducing forest fuels andCOARSE SEDIMENT SUPPLY’- Gravel
implementing other practices to protectrecruitment from basin watersheds is important to
streamflows, stream channels, and riparian habitatprovide a natural stream channel configuration
and minimize sediment input to the streams, and stream substrate (bottom material), as well as

essential spawning gravels for salmon and
SUTTER BYPASS ECOLOGICAL steelhead. A natural sediment supply is also

MANAGEMENT UNIT important to natural stream meander and to
riparian habitat regeneration. Sediment transport

The vision for the Sutter Bypass Ecologicaland gravel recruitment has been eliminated below
Management Unit is to restore adequatemajor dams in zone rivers. The vision is to
streamflows, as well as stream channel, riparian,supplement the gravel supply below major dams
and wetland habitats in the floodplain, and toon the three rivers where needed for salmon and
ensure passage of adult salmon migratingsteelhead spawning habitat, riparian habitat, and
upstream through the Sutter Bypass. In addition tonatural stream channel and meander development.
improving conditions for migrating salmon and
steelhead in the Sutter Bypass and eliminatingSTRF.~M MEANDER’- In their floodplains,
stranding, actions taken to benefit salmon andCentral Valley rivers naturally meander through
steelhead will improve waterfowl and wildlifefloodplain sediments, progressively eroding the
habitat in the bypass. Fish passage and unscreenednext bank while adding to the previous bank. This
diversion problems should be resolved whereprocess, called a stream meander, occurred in the
possible, stream corridors of the Feather, Yuba, and Bear

Rivers. A natural stream meander process in the

VISIONS FOR ECOLOGICAL lower Feather, Yuba, and Bear River floodplains
provides much of the habitat needed to support

PROCESSES                   healthy riparian systems, wildlife, and aquatic
species. Today, the natural meander process in

CENTRAL VALLEY STREAMFLOWS -" each stream is inhibited by dams, bank protection,
Streamflows shape stream channels. Riparianbridge abutments, flood control levees, and the
vegetation, provides habitat for fish, moderatesreduction or elimination of natural coarse
water temperature in rivers, attracts anadromoussediments now trapped behind the large dams. In
fish to spawning streams, and transports youngsome places, bank erosion occurs, but lack of
anadromous fish to downstream nursery areas insediment precludes adding to the previous banks.
the Sacramento River, Bay-Delta estuary, andThe vision is to restore a portion of the natural
ocean. Streamflow in each of these rivers ismeander to the rivers by setting back levees where
impaired by upstream storage reservoirs andthey are necessary and by removing structures
diversions; particularly in dry and normal rainfallfrom the floodplain where possible.
years. A healthy streamflow pattern in the rivers
and in the Sutter Bypass would emulate (imitate)N~TUR~L FLOODPL/MN AND FLOOD
the natural runoffpattern, with a late-winter/early-PROCESSES." The Sacramento Valley formerly
spring flow event and summer-fall base flows thathad many natural overflow basins that retained
maintain important ecological processes,floodwaters, permitted sediment deposition, and
functions, habitats, and important species. Theprovided fish and waterfowl habitat. Partially
vision for streamflows is to evaluate the ecologicalreactivating these important ecological functions
benefits of a short-term (10-day) flow event in late
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I
will contribute to system health and provide for VISIONS FOR HABITATS
prolonged periods of natural streamflow and

I sediment input. Natural overflow basins wouldSEASONAL WETLAND HABITAT: Seasonal
also supply important habitat for fish, includingflooding of leveed lands and flood bypasses
chinook salmon and splittail, as well as nestingprovide important habitat for waterfowl, native
and foraging habitat for many waterfowl. Thefish, native plants, and wildlife. Flooding and
vision is to restore natural overflow basins withindraining seasonal wetlands also contributes to the
the lower floodplains of the four rivers and Sutteraquatic foodweb. The vision is to increase the

i Basin. This would provide additional flood control frequency and extent of over-bank flooding in the
protection for other areas in this zone andriver floodplains and SutterBasin.
downstream, as well as valuable natural wetland,

I riparian, and aquatic habitats for fish and wildlife.RIPARIAN AND RIVERINE AQUATIC
HABITATS: Riparian and shaded riverine aquatic

CENTRAL VALLEY STREAM TEMPERA- habitats are important to the health of the rivers by

i TURES: Salmon and steelhead depend on coolproviding shade, insects and organic debris
water for their survival. In the Feather, Yuba, andimportant to the aquatic foodweb, and soil and
Bear Rivers, salmon and steelhead are confined tobank protection. The riparian corridors and related

I the floodplains below the dams. Maintaining coolriparian and shaded riverine aquatic habitats are
water below the dams is essential to maintainingimpaired by lack of natural stream meander; river
salmon and steelhead in these rivers. Summer andchannel confinement by levees; and streamside

i early fall water temperatures in floodplains ofvegetation loss to animal grazing, levee
¯ these rivers are naturally warm, but are kept coolconstruction, and agricultural clearing. The vision

by cold-water releases from deeper bottom waters is to improve and restore riparian habitat along the

I of the major reservoirs. The extent of cool waterrivers and Sutter Bypass, where possible and
habitat below the dams depends on the amount ofneeded.
cold water released from the dams, the extent of
shade along the river channels provided byFRESHWATER FISH HABITAT-" Freshwater fish
riparian vegetation, habitat is an important component needed toandtheamountof warmwater
discharge into the rivers from urban andensure the sustainability of resident native and
agricultural drainage. Improving water anadromous fish species. The lower reaches of thei temperatures Feather, Yuba, and Bear rivers are typical of fallbelowthemajorimpoundmentsin
this zone can contribute to ecological systemchinook salmon spawning streams (Moyle and
health and promote sustainablefisheries. Ellison 1991). The quality of freshwater fishI habitat in these streams will be maintainedSteelhead and spring chinook particularly depend
on cool summer water temperatures as theythrough actions directed at streamflows, coarse
remain in the rivers through the summer. High fallsediment supply, stream meander, natural

I water temperatures in the lower rivers’hinder and flood and maintainingfloodplain processes,
upstream migrations of fall-run chinook salmonand restoring riparian and riverine aquatic
and steelhead. The vision for water temperatureshabitats.
in these rivers is to provide sufficient summer and
early-fall base flows from the dams and restore theESSENTIAL FISH HABITAT: The Feather, Yuba,
riparian corridors and natural stream channeland Bear rivers have been identified as Essential

I characteristics that limit river heating. MaintainingFish Habitat (EFH) based on the definition of
sufficient cool water storage in the reservoirs inwaters currently or historically accessible to
droughts will also be important to maintain asalmon (National Marine Fisheries Service 1998).
minimum of cool-water habitat in the rivers. Key features of EFH to maintain or restore in

these rivers include substrate composition; water
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quality; water quantity, depth and velocity;historical habitatspresentlyblockedbyimpassable
channel gradient and stability; food; cover anddams.
habitat complexity; space; access and passage; and
flood plain and habitat connectivity. I-IA~VEST OF FISH AND WILDLIFE: The legal

and illegal anadromous fish harvest in the river,
AGRICULTURAl-LANDS: Improving habitats on estuary, and ocean constrains recovery of wild
and adjacent to agricultural lands in the Featheranadromous fish populations. Reducing the
River/SutterBasin Ecological Management Zoneharvest would likely be necessary to allow
will benefit native waterfowl and wildlife species,recovery of wild populations to a healthy
Emphasizing certain agricultural practices (e.g.,condition. The vision is to continue to take actions
winter flooding and harvesting methods that leavethat will reduce the wild anadromous fish harvest
some grain in the fields) will also benefit manyand focus legal harvest on hatchery stocks of
wildlife that seasonally use these importantsalmon and steelhead.
habitats.

/~RTIFICIAL PROPAGATION OF FISH: Stocking

VISIONS FOR REDUCING OR hatchery-reared salmon and steelhead in the

ELIMINATING STRESSORS
Feather River supports important sport and
commercial fisheries and helps to mitigate salmon
and steelhead losses caused by large dams and

WATER DIVERS=ONS: Water diversions along reservoirs. Hatchery fish also supplement
the rivers and Sutter Bypass divert not only waternaturally spawning salmon and steelhead in the
but small fish. Many diversions are screened toriver. However, hatchery salmon and steelhead
reduce young fish losses. Reducing losses to
screened and unscreened diversions will

may impede the recovery of wild populations by
competing with and preying on young wild fish

contribute to overall ecosystem health byand reducing the genetic integrity of the wild
promoting sustainable fisheries and higherpopulations. The vision is to improve hatcherypopulation levels. The vision is to screen thosepractices of adult fish selection, spawning,
diversions presently with no screens or withrearing, and release tominimizepotentialconflicts
inadequate screens that where there is a potentialwith naturally-spawning salmon and steelhead
to screen young fish in significant numbers, andpopulations.
for diversions where the fish screens are not
operated continually throughout the irrigationS’rt~DING: Biological and technical
season, to extend the operation throughout theevaluations will be completed to fully assess theperiodof diversion. potential adverse effects of stranding and the

resultant loss of juvenile chinook salmon. The
DAMS AND OTHER STRUCTURES: Instream vision is that stranding losses will be minimizedstructures can impair up- and downstream adultsuch that stranding will not impair efforts to
and juvenile fish passage. The vision for themaintain self-sustaining populations of
Feather River/Sutter Basin Ecologicalanadromous fish in the rivers and streams of this
Management Zone is that the connections betweenecological management zone.
upstream fish holding, spawning, and rearing
areas and the Sacramento River are improved and
maintained to permit unobstructed or unimpaired VISIONS FOR SPECIES
fish passage. Fish passage.at Daguerre Point Dam
on the Yuba River needs to be improved to permitGREEN STURGEON: The vision for green

easier up and downstream passage for steelheadsturgeon is to recovery the California species of

and chinook salmon. The vision also includesspecial concern by maintaining and restoring

evaluating the potential of restoring access topopulation distribution and abundance to historical
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levels. Green sturgeon are known to inhabit andImprovements in wetland and riparian habitats;
possibly spawn in the Feather River. Improvedstream channel and meander; and coarse sediment
flows and stream channel and floodplain processesrecruitment will also improve spring- and fall-run
will benefit sturgeon populations throughchinook salmon spawning and rearing habitat.
improved habitat and food supply. Higher peakScreening unscreened and poorly screened
late winter and spring flows will provide attraction diversions will improve young salmon production.
for adult sturgeon moving upstream from theLimiting harvest will help ensure adequate
lower rivers, Delta, Bay, and ocean. Streamnumbers of spawners.
channel improvements will provide greater
amounts and improved quality of spawning andSTEEm-tmaa:~: The vision for steelhead trout is to
early rearing habitat. Screening unscreenedrecover this species listed as threatened under the
diversions will reduce young sturgeon losses toESA, and achieve naturally spawning populations
water diversions. Limiting the adult sturgeonof sufficient size to support inland recreational
harvest will also protect the populations, fishing and that use fully existing and restored

habitat. Steelhead will benefit from improved peak
~/HITE STORG*:ON: The vision for white flow events, especially in dry and normal years.
sturgeon is to maintain and restore populationSummer-fall base flows are needed to maintain
distribution and abundance to historical levels andover-summering juveniles and will also provide
support a sport fishery. White sturgeon are knownwater temperatures low enough to allow juvenile
to inhabit and possibly spawn in the lower Feathersteelhead to survive. Steelhead will also benefit
River. Improved flows and stream channel andfrom improved gravel spawning habitat, and
floodplain processes will benefit sturgeonstream rearing habitat, especially if summer river
populations through improved habitat and foodheating is reduced in the process. Screening
supply. Higher peak late winter and spring flowsunscreened and poorly screened diversions will
will provide attraction for adult sturgeon movingimprove young steelhead production. Limiting
upstream from the lower rivers, Delta, Bay, andharvest to hatchery steelhead will help to protect
ocean. Stream channel improvements will providewild steelhead.
greater amounts and improved quality of
spawning and early rearing habitat. ScreeningSteelhead in the Feather River as supported by a
unscreened diversions will reduce young sturgeonhatchery propagation program at Feather River
losses to water diversions. Limiting the adultHatchery. The hatchery program will continue, but
sturgeon harvest will also protect the populations,improved environmental conditions in the river,

the Sacramento River, and Delta will allow for
CHINOOK SALMON: The vision for chinook more reliance on the wild, naturally spawning
salmon is to recover all stocks presently listed orpopulation.
proposed for listing under ESA and CESA,
achieve levels that STRIPED BASS: The vision for striped bass is tonaturallyspawningpopulation
support and maintain ocean commercial and oceanmaintain healthy populations, consistent with
and inland recreational fisheries. Spring-and fall-restoring native species, to their 1980s level of
run chinook salmon will benefit from improvedabundance to support a sport fishery in the Bay,
flows. Late-winter and spring flows will provide Delta, and tributary rivers. Striped bass will
attraction for upstream migrating adult springindirectly benefit from larger late winter, early
chinook and downstream migrating spring- andspring flow events provided in the lower Feather
fall-run chinook. Summer and fall base flowRiver to benefit chinook salmon and steelhead.
improvements will benefit over-summering adultThe higher flow will provide upstream attraction
and juvenile spring-run chinook salmon, as well asflows and improve transport of eggs from
upstream migrating fall-run chinook salmon.
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spawning areas in the lower Feather and INTEGRATION WITH
Sacramento Rivers.

OTHER RESTORATION
AMERICAN SHAD: The vision for American PROGRAMS
shad is to maintain a naturally spawning
population, consistent with restoring native Maintaining and restoring the health of the
species, that supports a sport fishery similar to the Ecological Management Units in the Feather
fishery that existed in the 1960s and 1970s. River/Sutter Basin Ecological Management Zone
Improved spring flows should benefit American will depend on the efforts of local and State water
shad runs in the lower Feather and Yuba Rivers. management agencies. Efforts in the Sutter Basin
Greater magnitude flow events in spring will will be linked to activities of the California
provide attraction flows for adults to lower river Waterfowl Association, Ducks Unlimited, The
spawning areas. Higher spring through fall base Nature Conservancy, and the California Rice
flows should improve spawning and early rearing, Industry. Overall, these efforts will require
post-spawning adult survival, and juvenile shad cooperation from resource agencies, such as DFG,
survival and downstream migration. Although the Califomia Department of Water Resources
American shad require warmer temper tures for (DWR), the U.S. Fish and Wildlife Service
spawning, stream temperatures will be driven by (USFWS), and the National Marine Fisheries
the requirements of native chinbok salmon and Service, as well as participation and support from
steelhead, the U.S. Bureau of Reclamation (Reclamation),

the U.S. Natural Resources Conservation Service
SPLITT,OJL: The vision for splittail is to recover (NRCS), and other private organizations, water
this federally listed threatened species, dislxicts, and landowners. These groups will work
Improvements in the riparian and stream meander together to maintain and restore streamflows and
corridors, wetlands, and floodplain overflow fish and wildlife habitat, reduce impacts of
basins will improve spawning and early rearing diversions, minimize poaching, and minimize
habitat of splittail and other native resident fish habitat and water quality degradation in basin
species. Improved late winter and early spring streams. Funding may be provided to enhance
flows will provide attraction flows for upstream streamflows, reduce fish-passage problems, screen
migrating adult splittail from the Delta, and diversions, restore habitats, and increase
improve transport of larvae splittail downstream to California Fish and Game Code enforcement to
the lower rivers and Bay-Delta. protect .recovering salmon and steelhead

populations. The U.S. Army Corps of Engineers
WATERFOWL: The vision for waterfowl is to owns and operates the Daguerre Point Dam on the
maintain and restore healthy populations at levels Yuba River and is undertaking evaluations to
that can support consumptive (e.g., hunting) and improve fish passage and fish screening
nonconsumptive (e.g., birdwatching) uses, through opportunities.
protection and improvement of habitats and
reduction in stressors. Waterfowl will benefit from

CENTRAL VALLEY PROJECT
improved riparian corridors, floodplain overflow
basins, and more wetlands. IMPROVEMENT ACT

PLANT SPECIES AND COMMUNITIES: The Restoring and maintaining ecological processes

vision for plan species and communities is to and functions in the Feather/Sutter Ecological

protect and restore these resources in conjunction Management Zone will augment other important

with efforts to protect and restore wetland and ongoingThe program and future proposed restoration by the efforts Central for the Valley zone.

riparian and riverine aquatic habitats.
Project Improvement Act (CVPIA) will
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complement efforts of the USFWS’s Anadromousdiversions, toxic contaminants, degraded water
Fish Restoration Program (USFWS 1997). The quality, and harvest, restoring populations in the
goal of the program is to double the averageFeather River/Sutter Basin Ecological
anadromous fish population that was producedManagement Zone will require corresponding
naturally in the system from 1967 through 1991.efforts in other zones.

SALMON, STEELHEAD TROUT AND Reducing or eliminating stressors in the
ANADROMOUS FISHERIES downstream Ecological Management Zones and

PROGRAM ACT (SB 2261 ) improving or recreating habitat in those zones are
important steps in restoring healthy fish, wildlife,

The vision will also help the DFG to reach itsand plant communities in the Feather River/Sutter
goal, under this program, of doubling the numberBasin Ecological Management Zone. Efforts in the
ofanadromous fish that were produced in 1988. Sutter Basin, particularly those relating to the

Sutter Bypass and Butte Slough, will greatly

CENTRAL VALLEY HABITAT JOINT benefit the other Ecological Management Zones

VENTURE and units of the upper Sacramento River.

The Central Valley Habitat Joint Venture and the RESTORATION TARGETS
North American Waterfowl Management Plan AND PROGRAMMATIC
have developed objectives for wetlands in the
Butte Basin Ecological Management Zone. These ACTIONS
objectives are consistent with the ERPP targets
developed for this Ecological Management Zone. ECOLOGICAL PROCESSES

CALFED BAY-DELTA PROGRAM CENTRAL VALLEY STREAMFLOWS

CALFED has funded four ecosystem restorationTARGET 1 : More closely emulate the seasonal
projects in Feather River and Sutter Basin. Onestreamflow pattern in the Feather River by
project screened the Browns Valley Irrigation providing March flow events of 4,000 to 6,000 cfs
District diversion. Another project developed a in dry years, 6,000 to 8,000 cfs in below-normal
watershed plan for the Yuba River. years, and 8,000 to 10,000 cfs in above-normal

years. In addition, evaluating the minimum flows
LINKAGE TO OTHER recommended by DFG (1993) will provide a basis

to better refine the flow needs in the Feather
ECOLOGICAL River. Flow events will be provided only if they

MANAGEMENT ZONES are less than or equal to Oroville Reservoir inflow
(~").

Many of the resource elements in the Feather
River/Sutter Basin Ecological Management ZonePROGRAMMATIC ACTION 1A: Develop a
depend extensively on conditions or elements incooperative program to evaluate the benefits of
other zones. Anadromous fish, for example, aresupplemental Feather River flows to ecological
highly migratory and depend on conditions in theprocesses and riparian and riverine aquatic
mainstem Sacramento River, the Delta, Sanhabitats.
Francisco Bay, and the nearshore Pacific Ocean.
Because these fish are affected by stressorsPROGRAMMATIC ACTION 1B: Evaluate
throughout their range, such as unscreenedalternative flow schedules in the Feather River to
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|
optimize the ecological benefits for fish and plantimprove conditions for all of chinook salmon and ¯
communities and ecological processes such assteelhead life stages. See table above.
stream meander, sediment transport, and
temperature control. T,~rtGE’r 4: Supplement flows in the Bear River

to improve conditions for all chinook salmon and
TARGET 2: Evaluate the potential benefits tosteelhead life stages. Provide.a flow event of 300
increased natural production of salmon andto 500 cfs in dry years. See table below for
steelhead in the Feather River of releasing 2,500recommended minimum streamflows (..).
cfs from Oroville Dam during September through ¯
May and 1,100 cfs during June through August inPROGRAMMATIC ACTION 4A: Supplement
wet and normal years, and 1,700 cfs duringflows in the Bear River with water acquired from
September through May and 800 cfs during Junenew water sources, water transfers, and willing ¯
through August in dry years (,~). sellers consistent with applicable guidelines or

negotiated agreements to provide flows that will
PROGRAMMATIC ACTION 2A: Develop a improve conditions for all chinook salmon and 1
cooperative program to supplement Feather Riversteelhead life stages.
flows with water acquired from new water
sources, water transfers, and willing sellers in Minimum Streamflow ¯
accordance with applicableguidelinesor Recommendations for Bear River |
negotiated agreements. Month

TARGET 3: Supplement flows in the Yuba River
October 1-14

i
with March flow events of 2,000 to 3,000 cfs in October 15-December 15
dry years and 3,000 to 4,000 cfs in normal years January-March ¯
to improve conditions for all chinook salmon, |
steelhead, and American shad life stages. In April-June

addition, provide minimum flows recommended at July-September                   10 ¯
Marysville by DFG (1993). See table below. |
Flows will be provided only if inflow to
Englebright and New Bullards Bar Reservoirs is17~tTtOt~d.E." The streams in the Feather

sufficient to meet the flow requirements (~). River/Sutter Basin Ecological Management Zone 1
provide extremely valuable habitat for spring-run

Minimum Streamflow Recommendations chinook salmon and steelhead trout. Key benefits
for Yuba River at Marysville of streamflow in this Ecological Management 1

Flow inAIIWater-Year Zone are successful upstream of adult fish
Period ~l’ypes pb~ssage and downstream passage of juvenile fish.

In addition, flow drives many ecological functions
October l-March 31 600-700 cfs and processes linked to stream-channel

April 1-June 30 1,000 cfs minimum morphology, riparian communities, and fish

July l-September 30 450 efs habitat. The best flow schedule for providing
maximum ecological benefits in the Feather River ¯
has not been agreed upon. The California

PROGRAMMATIC ACTION 3A: Supplement Department of Fish and Game (1993) ¯
flows in the Yuba River below Englebright Damrecommended the following flows and
with water acquired from new water sources, temperatures below Thermolito Afierbay:
water transfers, and willing sellers, consistent with ¯
applicable guidelines or negotiated agreements to I
provide flows recommended by DFG (1993) to

~ c~m)
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Period Streamflow(cfs) Temperature provide higher flows and, therefore, greater
thermal protection to steelhead during July-

Jan-Apr 2,000 56°F September, or 2) supplement flows during the
May I - 15 3,000 6O October-December period to benefit fall-run

chinook salmon spawning.
May 16- June 15              4,000               60

June 16 - Oct 15 1,000 NF Studies conducted in the lower Yuba River during

Oct t6 - Dec 31 1,700 56 1976-1978 revealed that the lower Yuba River is
not a season-long nursery area for American shad
(Meinze 1979). That may reflect drought condition

The increased flow in the DFG recommendation during part of the study period but the study did
is partially designed to provide a large flow for reveal that newly hatched shad fry are rapidly
American shad spawning. The temperature transported downstream and into the Feather
recommendation, however, is too low for shad as River. Larvae are swept out by currents before
they require a spawning temperature about 5 °F they grow large enough to maintain their position
higher than recommended, in the river. Juvenile shad spend several weeks to

several months in the Feather and Sacramento
Technical agreement on Feather River flows and rivers and in the Delta, which is considered the
temperatures an primary rearing habitat for American shadhas not been reached. This is
area that needs to be addressed by the CALFED (Painter et al. 1977, Painter et al. 1979, Meinze
approach to adaptive management. Additional 1979, SWRCB 1992). Consequently, higher spring

may flows in the lower Yuba River may providemonitoring and/or research berequiredto
develop consensus on these issues. The CALFED minimal increased benefits for young shad.
approach also goes beyond the flow and
temperature requirements of anadromous fish by COARSE SEDIMENT SUPPLY
also including the flows needed for coarse
sediment transport, overbank flooding, and TARGET 1 : Maintain existing erosion and gravel
riparian maintenance and regeneration. The recruitment levels in tributaries that sustain an
recommended flow targets provide a basis for on- adequate level of gravel recruitment, or restore
going and future evaluations using adaptive desirable levels by directly manipulating and
management as a tool to reach agreement, augmenting gravel supplies where the natural

fluvial process has been interrupted by dams or
Supplementing flows on the Yuba River by other features that retain or remove the gravel
acquisition of water from willing sellers depends supply (,,).
on whether or not there are any willing sellers.
Findings from a detailed hydrologic and PROGRAMMATIC ACTION 1A." Evaluate
operations assessment of the Yuba River system to spawning gravel quality in areas used by chinook
develop water-year-type-specific instream flow salmon and steelhead in the Feather River. If
recommendations indicate that, with the exception indicated, renovate or supplement gravel supplies
of wet years, insufficient water would be available to enhance substrate quality by importing 4,000 to
within the system to always meet the 8,000 tons of additional gravel below the hatchery
recommended flows (Beak 1996). In years when as conditions require.
flow augmentation is required, a decision will
have to be made regarding use of acquired water PROGRAMMATIC ACTION 1 B: Evaluate
in the spring to either meet DFG’s spawning gravel quality in areas used by chinook
recommendation ofl, OOOcfsatMarysvilleduring salmon and steelhead in the Yuba River. If
the April-June period, or to use this water to 1)
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indicated, renovate or supplement gravel suppliesRivers by adding a cumulative total of 1,000 acres
to enhance substrate quality, of riparian lands to the meander zones (4~.).

PROGRAMMATIC ACTION lC: Evaluate the PROGR/~MATIC ACTION 1A: Acquire
quality of spawning gravel in areas used byriparian and meander-zone lands by purchasing
chinook salmon and steelhead in the Bear River.them directly or acquiring easements from willing
If indicated, renovate or supplement gravelsellers, or provide incentives for voluntary efforts
supplies to enhance substrate quality to preserve and manage riparian areas on private

land.
I~ T/ONAI.E." Sediment transport is the process

whereby flows carry away finer sediments thatfill PROGI~ad~IM~TIC ACTION 1 B: Build local
gravel interstices (i.e., spaces between cobbles), support for maintaining active meander zones by
Gravel cleansing is the process whereby flows establishing a mechanism whereby property []
transport, grade, and scour gravel. Gravel owners would be reimbursed for lands lost to
transport and cleansing, by flushing most fines natural meander processes.                              []
and moving bedload, are important processes to
maintain the amount and distribution of spawning PROGRP~MM~TIC ACTION 1 C: Develop a
habitat in the Sacramento-San Joaquin River cooperative program to improve opportunities for I
basin. Human activities have greatly reduced or natural meander by removing riprap and
altered theseprocesses. Opportunities to maintain relocating other structures that impair stream
and restore these processes include changing meander.
water flow, sediment supplies, and basin
geomorphology; removing stressors; or R~l"lOltl~l_£." Preserving and improving the
manipulating channel features and stream stream-meander belts in the Feather River/Sutter []
vegetation directly. Gravel deposits in Feather Basin Ecological Management Zone will ensure
River/Sutter Basin Ecological Management Zone that this important natural process is maintained.
streams are essential to maintain spring- and fall- Typically, these reaches are important for I
run chinook salmon, steelhead trout, and other spawning and rearing salmon and steelhead. A |
resident native fish spawning and rearing natural meander process will provide near-
habitats. Although additional evaluations are optimal habitat for spawning (through gravel
required to better define the magnitude of flows recruitment), rearing (channel configuration, |
required to move coarse sediments in each of the cover, and foodweb), and migration. There is
streams in this ecological management zone, it limitedpotential for natural channel migration in
appears that flows exceeding 20,000 cfs in the narrowly leveed sections. Overall, the program 1
Feather River are probably sufficient to achieve must be consistent with flood control requirements
this important ecological event, and in the longer term, should reduce need for

future flood controlefforts by using natural system
Opportunities to maintain and restore gravel resilience and flood control characteristics.
recruitment include manipulating natural

and controlling or managing NATURAL FLOOOPUMN ANDprocesses
environmental stressors that adversely affect FLOOD PROCESSES
recruitment.

TARGET 1 : Restore and improve opportunities 1
STREAM MEANDER for rivers to seasonally flood their floodplain (,).

TARGET 1 : Preserve and expand the stream- 1
meander belts in the Feather, Yuba, and Bear

~ c.rm~
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PROGRAMMATIC ACTION 1A: Conduct a CENTRAL VALLEY STREAM
feasibility study to construct setback levees in the TEMPERATURES
Feather, Yuba, and Bear lower river floodplains.

TARGET 1 : Improve water quality conditions in
PROGRAMMATIC ACTION 1 B-" Restore, as the Feather, Yuba, and Bear rivers to benefit
needed, stream channel and overflow basinanadromous fish (,,).
configurations within the floodplain.

PROGRAMMATIC ACTION 1A: Develop and
PROGR/M~MATIC ACTION lC: Minimize use a temperature model as a tool for managing
effects of permanent structures, such as bridgesthe Feather River.
and diversion dams, on floodplain processes.

PROGRAMMATIC ACTION 1a: Maintain a
PROGR/M~MATIC ACTION 1 0: Develop a daily average water temperature of 60°F in the
floodplain management plan for the Feather River.low-flow section of the Feather River from June 1

through September 30 to benefit over-summering
PROGRAMMATIC ACTION 1E: Develop a steelheadjuveniles.
floodplain management plan for the Yuba River.

PROGRAMMATIC ACTION lC: Develop a
PROGP,~MMATIC ACTION 1F: Develop a cooperative program to identify and remove
floodplain management plan for the Bear River.physical and water quality barriers in the Feather

River that impede access for white and green
PROGRAMMATIC ACTION 1G: Develop a sturgeon to spawning habitat, or facilitate passage
floodplain management plan for the Sutter Basinaround these barriers.
and Sutter Bypass.

PROGRAMMATIC ACTION 1D: Develop a
RAT/O/~U.E: Setback levees willprovide greater cooperative program to maintain mean daily water
floodplain inundation, room for stream meander, temperatures below 65°F for at least 1 month from

April 1 to June 30 for American shad spawning inand moreriparian forestandseasonalwetland
habitats along the lower rivers. Channel the Feather River. This is consistent with actions
configuration adjustments may be necessary to to protect chinook salmon and, steelhead and,

when hydrologic conditions are adequate, toacceleratenatural floodplainhabitat restoration
and to restore and maintain configurations that minimize adverse effects onwater-supply
may not occur naturally due to remaining operations.
constraints from new setback levees. Permanent
structures, such as bridges and diversions dams, PROGRAMMATIC ACTION 1 E: Develop a
can interrupt and impair natural floodplain cooperative approach to operating reservoirs in the
processes and habitat development and Yuba River watershed to provide adequate water
succession. Thus, it may be necessary to remove temperatures for anadromous fish.
or rebuild some structures or require continuing
maintenance or mitigations to minimize their PROGRAMMATIC ACTION IF." Evaluate
effects, whether improving water temperature control with

shutter configuration and present coldwater pool
management at New Bullards Bar Dam on the
Yuba River are effective. Modify the water release
outlets at Englebright Dam if these improvements
are effective.
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PROGRAMMATIC ACTION 1G: Maintain a programs that seek to conserve cool water
daily average water temperature of 60°F fromreservoir pools for release later in the summer
Englebright Dam to Daguerre Point Dam in theand by investigating feasibility of modifying water
Yuba River from June 1 through September 30 torelease outlets on existing dams to provide a
benefit over-summering steelhead juveniles, greater ability to fully utilize the cold water in the

reservoir.
PROGRAMMATIC ACTION 1H-" Develop a
cooperative program to maintain mean daily waterOperating to provide specific water temperatures
temperatures below 65°F for at least 1 month fromat the appropriate times in systems where aquatic
April 1 to June 30 for American shad spawning inresources    have    differing temperature
the Yuba River. This is consistent with actions torequirements can be difficult. In situations where
protect chinook salmon and steelhead and, whenwater temperature requirements may conflict,
hydrologic conditions are adequate, to minimizewater temperature operations shouldftrst address
adverse effects on water-supply operations, the needs of listed species, then native species,

and then introduced species. On the Feather and
PROGR/MVIMATIC ACTION 1 I: Develop a Yuba rivers, the water temperature requirements
cooperative approach to providing adequate waterof anadromous salmonids (chinook salmon and
temperatures in the Bear River (see followingsteelhead) have priority. After their temperature
table) for all chinook salmon and steelhead lifeneeds are met, then the temperature requirements
stages, of American shad can be addressed
i7~rlON, ad.E." Aquatic species have very specific
water temperature requirements that vary by stage HABITATS
in their life cycles. Water temperatures are
typically high during the late summer and early SEASONAL WETLANDS
fall, when water management flexibility below the
major reservoirs is typically limited Water TARGt=T "1 = Assist in protecting 500 acres of
temperatures should be addressed through existing seasonal wetland habitat through fee
integrated water and temperature management acquisition or perpetual easements consistent with

the goals of the Central Valley Habitat Joint
Required Water Temperatures Venture and the North American Waterfowl

in the Bear River for Chinook Salmon Management Plan
and Steelhead

Flows Temperature (°F) PROGRAMIVt~TIC ACTION 1A: Develop and
Month

(cfs) Wheat- Highway implement a cooperative program to improve
land 70 management of 500 acres of existing, degraded

seasonal wetland habitat in the Sutter Bypass
October 1-14 100 60 60 Ecological Management Unit.
October 15- 250 58 57
December 15 TAR6ET 2: Develop and implement a

cooperative program to enhance 3,090 acres of
January-March 250 56 57 existing public and private seasonal wetland
April-June 250 60 60 habitat consistent with the goals of the Central

Valley Habitat Joint Venture and the North
July-September 10 65 65 American Waterfowl Management Plan (,~).
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I PROGRAMMATIC ACTION 2A: Restore and PROGRAMMATIC ACTION 1 B: Evaluate the
manage seasonal wetland habitat throughout the benefits of restoring stream-channel and riparian
Sutter Bypass Ecological Management Unit. habitats on the Yuba River, including creating side

channels to serve as spawning and rearing habitats
l~ rlO~t~tE: Restoring seasonal wetland for salmonids.
habitats along with aquatic, permanent wetland,
and riparian habitats is an essential element of the PROGR/M~MATIC ACTION lC: Purchase
restoration strategy for the Feather River/Sutter streambank conservation easements from willing
Basin Ecological Management Zone. Restoring sellers or establish voluntary incentive programs
these habitats will also reduce the amount and to improve salmonid habitat and instream cover
concentrations of contaminants that could along the Feather River.

I interfere with restoring the ecological health of
the aquatic ecosystem. Seasonal wetlands support PROGR/MVIM~TIC ACTION 1D: Purchase
a highproduction rate ofprimary and secondary slreambank conservation easements from willing

I food species andlarge blooms (dense populations) sellers or establish voluntary incentive programs
of aquatic invertebrates, to improve salmonid habitat and instream cover

along the Bear River.

I Wetlands that are dry in summer are also efficient
sinks for the transformation of nutrients and the R~TlON, ad.£: Many wildlife species, including
breakdown of pesticides and other contaminants, several listed as threatened or endangered under

I The roughness of seasonal wetland vegetation the State and federal Endangered Species Acts
filters and traps sediment and organic and several special-status plant species in the
particulates. Water flowing out from seasonal Central Valley, depend on or are closely

I wetlands is typically high infoodwebprey species associated with riparian habitats. Riparian
concentrations andfineparticulateorganicmatter habitats support a greater wildlife species
that feed many Delta aquatic and semiaquatic fish diversity than all other habitat types in California

I andwildlife. To capitalize on these functions, most Riparian habitat degradation and loss has
of the seasonal wetlands of the Colusa Basin substantially reduced the habitat area available
Ecological Management Zone should be subject to for associated wildlife species. Loss of this habitat

i periodic flooding and overland flow from river has reduced water storage, nutrient cycling, and
floodplains, foodweb support functions.

RIPARIAN AND RIVERINEAO.UATIC Improving low- to moderate-quality shaded
I                         HABITATS riverine aquatic habitat will benefit juvenile

chinook salmon and steelhead by improving
TARGET: Provide conditions for riparian shade, cover, and food. Wildlife inthisEcological
vegetation growth along river sections in the Management Zone benefit from improvedwill also
Feather River/Sutter Basin Ecological habitat. Protecting and improving shaded riverine

Management Zone (,,). aquatic habitat may involve changes in land use
that will the of localrequire consensus

PROGRAMMATIC ACTION 1A: Purchase landowners and local, State, and federal agencies.
streambank conservation easements from willing Limitations on land suitable or available forI sellers or establish voluntary incentive programs restoration will require establishing priorities,
to improve salmonid habitat and instream cover with efforts directed at acquiring high-priority,
along the Yuba River. low-cost sites first.
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1
FRESHWATER FISH HABITAT AND wetlands include rice lands," fields flooded for ¯

ESSENTIAL FISH HABITAT weed and pest control; stubble management; and
tailwater circulation ponds, l

TARGET 1 ." Maintain and improve existing
freshwater fish habitat and essential fish habitat Managing agricultural lands to increase forage
through the integration of actions described for for waterfowl and other wildlife will increase the
ecological processes, habitats, and stressor survival rates of overwintering wildlife and
reduction or elimination, strengthen them for migration, thus improving

breeding success(Madrone Associates1980)
PROGRAMMATIC ACTIONS: No additional 1
programmatic actions are recommended. Creating small ponds on farms with nearby

waterfowl nesting habitat but little brood habitat ¯
i~rlONAI.E: Freshwater fish habitat and will increase production of resident waterfowl ¯
essential fish habitat are evaluated in terms of species when brood ponds are developed and
their quality and quantity. Actions described for managed properly. Researchers and wetland 1
ecological processes, stressor reduction, and managers with the DFG,. U.S. Fish and Wildlife
riparian and riverine aquatic habitat should Service and the California Waterfowl Association
suffice to maintain and restore freshwater fish have found that well managed brood ponds ¯
habitat and essential fish habitat. For example, . produce the high levels of invertebrates needed to ¯
maintaining freshwater and essential fish habitats support brooding waterfowl. Other wildlife such
is governed by actions to maintain streamflow, as the giant garter snake will also benefit. ¯
improve coarse sediment supplies, maintain Restoring suitable nesting habitat near brood 1
stream meander, maintain or restore connectivity ponds will increase the production of resident
of the Feather, Yuba, and Bear rivers and their waterfowl species. ¯
floodplains, and in maintaining and restoring 1
riparian and riverine aquatic habitats. Restoring nesting habitat, especially when it is

near brood ponds, will increase the production of ¯
AGRICULTURAL LANDS resident waterfowl species. When the restored 1nesting habitat is properly managed, large,

TARGET 1 : Cooperatively manage 57,578 acres ground predators are less effective in preying on ¯
of agricuhural lands consistent with the objectives eggs and young of waterfowl and other ground Iof the Central Valley Habitat Joint Venture and nesting birds. Managing agricultural lands to
the North American Waterfowl Management Plan increase forage for waterfowl and other wildlife
(~). will increase the overwinter survival rates of ¯

wildlife and strengthen them for migration, thus 1

PROGRAMMATIC ACTION 1A: Increase the improving breeding success (Madrone and.4ssoc.
area of rice fields and other crop lands flooded in 1980)
winter and spring to provide high-quality foraging 1

habitat for wintering and migrating waterfowl and REDUCING OR ELIMINATING
shorebirds and associated wildlife. STRESSORS I

RATIONALE: Following the extensive loss of
WATER DIVERSIONS ¯native wetland habitats in the Central l/alley, |some wetland wildlife species have adapted to the TAR~E’r 1 .- Improve the survival of juvenile

artificial wetlands of some agriculturalpractices anadromous fish in the Yuba River by installing,
and have become dependent on these wetlands to upgrading, or replacing fish screens (~).
sustain their populations. Agriculturally created
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PROGRAMMATIC ACTION 1 A: Develop a fall, and significant numbers ofjuvenile steelhead
cooperative program to upgrade or constructare entrained andlost. The Brophy-South Yuba

I screens that meet current Department of Fish anddiversion utilizes a rock levee to prevent fish from
Game and National Marine Fisheries Serviceentering the diversion, however, the levee has
screening standards at the Hallwood-Cordua andbeen shown to be permeable to small fish even

i Brophy-South Yuba Canal water diversion, and when the diversion is not operating, and
other unscreened diversions on the Yuba River. significant numbers of juvenile chinook salmon

are entrained (DFG 1991). Fully-functioningfish

I TARGET 2: Improve the survival of juvenile screens that meet current criteria and are
anadromous fish in the Bear River by installing,adequately funded, staffed, and operated
upgrading, or replacing fish screens (~�~). throughout the irrigation season need to be

implemented at both diversions.
PROGRAMMATIC ACTION 2A: Develop a
cooperative program to evaluate and screen DAMS AND OTHER STRUCTURES
diversions in the Bear River to protect all
anadromous fish life stages. TARG~" 1 : Increase adult and juvenile

anadromous fish passage in the Yuba River by

I TARGET 3: Improve the survival of juvenile providing access to 100% of the available habitat
anadromous fish in the Feather River by installing,below Englebright Dam (~).
upgrading, or replacing fish screens (~).

I PROGRAMMATIC ACTION 1A: Develop a
PROGRAMMATIC ACTION 3At Develop a cooperative program to improve anadromous fish
cooperative program to evaluate and screenpassage in the Yuba River by removing dams or

I diversions in the Feather River to protect allconstructing fish ladders, providing passageflows,
anadromousfish life stages, keeping channels open, eliminating predator

habitat at instream structures, and constructing

I RATIONALE." Water diversion, storage, and improved fish bypasses at diversions.
release in the watershed directly affect fish,
aquatic organisms, and nutrient levels in the PROGRAIVIM~TIC ACTION 1B: Facilitate

I system and indirectly affect habitat, foodweb passage of spawning adult salmonids in the Yuba
production, and species abundance and River by maintaining appropriate flows through
distribution. Unscreened diversions cause direct the fish ladders or modifying the fish ladders at

i mortality to youngfish; the level of mortality is diversion dams.
likely influenced by the number of young fish
present, diversion size, and diversion timing. PROGRAMIVIATIC ACTION lC: Conduct a

i cooperative study to determine the feasibility of
The fish screens on the water diversions at allowing spring-run chinook salmon and steelhead
Daguerre Point Dam on the Yuba River access to historical spawning and rearing habitats
(Hallwood-Cordua and Brophy-South Yuba above Englebright Dam on the Yuba River.

i Canal) are inadequate not meet currentanddo
DFG or NMFSscreening criteria (DFG 1991). T.a~IGE’r 2: Improve chinook salmon and
The Hallwood-Cordua Fish Screening Facility is steelhead passage in the Bear River by providing

I funded staffed by of limited access to 100% of the available habitat below theand DFG, but because
funding, DFG does not operate the facility afier SSID diversion dam (~).
the peak of chinook salmon emigration has

I occurred (sometime in June). Unscreened PROGRAMMATIC ACTION 2A: Improve
diversions continue throughout the summer and chinook salmon and steelhead passage in the Bear
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River by negotiating with landowners to remove HARVEST OF FISH AND WILDLIFE
or modif~ culvert crossings on the Bear River.

IMPLEMENTATION OBJECTIVE: ~e imple-
RATIONAl.E: Dams and their associated mentation objective for harvest is to regulate fish
reservoirs block fish movement, alter water and wildlife harvest as necessary to avoid
quality, remove fish and wildlife habitat, and alter impairing reproductive capacity in relation to
hydrologic and sediment processes. Other available habitat.
structures may block fish movement or provide
habitat or opportunities for predatory fish and TARGET 1 : Develop harvest management
wildlife, which could be detrimental to fish species strategies that allow wild, naturally produced fish
of special concern, spawning populations to attain levels that make

full use of existing and restored habitat, and focus
It is estimated that 82% to 95% of historical harvest on hatchery-produced fish (...).
salmon and steelhead spawning and rearing
habitat in the Central Valley has been lost due to PROGRAMMATIC ACTION 1A: Control illegal
impassable dams (Reynolds et el. 1993; harvest by increasing enforcement efforts.
Yoshiyama 1996). Perhaps the greatest potential
for anadromous fish restoration in the Central PROGRAMMATIC ACTION 1B: Develop
Valley can be realized by reestablishing access to harvest management plans with commercial and
some of these former habitats, especially for those recreational fishery organizations, resource
fish that are dependent upon habitat in mid- to management agencies, and other stakeholders to
upper-elevation stream reaches, such as steelhead meet target levels.
and spring-run chinook salmon. Restoring access
at Englebright Dam would allow salmon and PROGRAMMATIC ACTION 1 C: Reduce harvest
steelhead to utilize a considerable amount of of wild, naturally produced steelheadpopulations,
historical habitat in the Yuba River system, by continuing to mark all hatchery-reared fish and
primarily in the South and Middle forks, and continuing to institute selective harvesting.
would have a substantial effect on restoration on
a basin-wide level Providing access to historical PROG~a.a~’aVrle ACTION 1D: Evaluate a
habitats could also reduce the reliance on low- marking and selective fishery program for chinook
elevation, valley-floor reaches that require large salmon.
amounts of water to maintain suitable
temperatures, thus could potentially reduce RArlON, a,L£: Restoring and maintaining chinook
overall water costs for anadromous fish salmon and steelhead populations to levels that
restoration. Compared to other major Central take full advantage of habitat may require
Valley tributaries, the Yuba River has greater restricting harvest during and after the recovery
potential than most to reestablish access to a period. Involving the various stakeholder
substantial amount of former habitat. However, organizations should help ensure a balanced and
potential spawning and rearing habitat above the fair harvest allocation. Target population levels
dam must first be assessed, qnd if it is determined may preclude existing harvest levels of wild,
that suitable habitat exists, then a feasibility study naturally produced fish. For populations supple-
of the best means to provide access (dam removal, mented with hatchery-reared fish, selective

facility installation, trap-and-truck harvesting may be necessary to limit wiM fishpassage
operation, etc.) should be initiated, harvest while harvesting hatchery-produced fish

to reduce their potential to disrupt the genetic
integrity of wild populations. The Fish and Game
Commission recently adopted    DFG

Volume I1: Ecosystem Restoration Program Plan
~ ~Y.o~.rt~ Feather River/Sutter Basin Ecological Management Zone Vision
~ ~ June 1999

296

C--01 9726
C-019726



recommendations to establish a selective fishery RATIONAl.E: In watersheds such as the
for hatchery steelhead and to reduce incidental Sacramento River and Feather River, where dams
hooking of wild steelhead on all Central Valley and habitat degradation have limited natural
streams, spawning, hatchery supplementation may be

necessary to sustain fishery harvest at former
ARTIFICIAL PROPAGATION OF FISH levels and to maintain a wild or natural spawning

population during adverse conditions, such as
TARGET 1: To protect naturally produced droughts. Hatchery augmentation, however,
salmon and steelhead, minimize the likelihood that should be limited to protect recovery and maintain
hatchery-reared salmon and steelhead produced in wild populations. Hatchery-reared salmon and
the Feather River Hatchery will stray into non- steelheadmay directly compete with andprey on
natal streams (~.~). wild salmon and steelhead. Hatchery-produced

fish may also threaten the genetic integrity of wild
PROGR/MVIM,/~TIC ACTION 1 A: Develop a stocks by interbreeding with wild fish. Although
cooperative program to evaluate the benefits of irreversible contamination of wild stocks has
stocking hatchery-reared salmon and steelhead in taken place, additionalprotective measures would
the Feather River. Stocking levels may be reduced minimize further degradation ofgenetic integrity.
in years when natural production is high. Development on the Sacramento and Feather

Rivers might necessitate stocking of chinook
TARGET 2: Reduce superimposition of chinook salmon and steelhead to rebuild and maintain
redds in the low flow section of the Feather River. stocks that will sustain sport and commercial

fisheries.
PROGP,~,MM~TIC ACTION ~.: Develop a
cooperative program to evaluate alternative means Superimposition of chinook salmon redds in the
of reducing the number of spawners in the upper lowflow section of the Feather River is aproblem
section and increasing the number of spawners in that reduces the success of naturally spawning
the high flow section below Thermolito. fish. The mechanisms leading to overuse of the

low flow (upper) section of the Feather River are
TARGET 3: Limit hatchery stocking if pop- poorly understood. Potential causes may be
uluations of salmon or steelhead can be sustained linked to hatchery release practices such as
by natural production (~). trucking to distant release sites, differing flows

between the low flow and high flow stream
PROGRAMMA’rlc ACTION 3A: Augment fall- reaches, or genetic history offish using the upper
run chinook salmon and steelhead populations section. Spring-run chinook have adapted to
only when alternative measures are deemed moving further upstream than their fall-run
insufficient to provide population recovery, counterparts. The fall spawning chinook in the

Feather River are know to by introgressed with
TARG~-’T~..: Minimize further threats of hatchery- spring-run which may provide one avenue of
produced fish interbreeding with wild chinook research to determine why the upper section is
salmon and steelhead stocks (~). over-utilized by while high qualityspawners

spawning gravel in the high flow section is highly
PROGRAMMATIC ACTION 4A: Adopt methods underutilized.
for selecting spawning adults for the hatchery
from an appropriate cross section of the adult
population available to the hatchery.
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STRANDING Project’s Oroville Dam. California
Department of Water Resources.

TAR6ET 1 : Reduce or eliminate the stranding of
juvenile chinook salmon on floodplains, shallowCalifornia Department of Fish and Game. 1993.
ponds, and levee borrow areas. Restoring Central Valley Streams: a plan for

action. November 1993.
PROGRAMMATIC ACTION 1A: Conduct
surveys of stranding in the Feather River under aCalifornia Dept. of Fish and Game. 1991. Lower
range of flow conditions and develop Yuba River fisheries management plan.
recommendations to resolve the problem. Stream Evaluation Rpt. No. 91-1.

PFIOGI~odVIMATIC ACTION 1El: Conduct Central Valley Habitat Joint Venture. 1990.
surveys of stranding in the Sutter Bypass under a Central Valley Habitat Joint Venture
range of flow conditions and develop Implementation Plan, a component of the
recommend.ations to resolve the problem. North American Waterfowl Management

Plan. February 1990.
RATIONAL£," Under many flow conditions,
stranding is likely a minimalproblem. However, Jones and Stokes Associates 1990. 1009 field
under conditions in which rivers reach high flows investigations of Yuba River American shad
and flow is diverted into the flood bypasses, and (JSA 90-098). Prepared by W.T. Mitchell and
then flow quickly recede, stranding is likely a P.L. Dunn. Sacramento, California. Prepared
serious problem. Timing also plays a important for the Yuba County Water Agency.
role in determining the severity of the problem.
Flood plain inundation prior to young salmon Madrone Associates. I980. Sacramento-San
emerging is less of a problem that inundation after Joaquin Delta wildlife habitat protection and
most of the fry have emerged restoration plan. Prepared for the California

Department of Fish and Game and U.S. Fish
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|
AMERICAN RIVER BASIN ECOLOGICAL

| MANAGEMENT ZONE

streams that make up its watershed. The
American River is one of the largest tributaries
within the Delta’s watershed. The other streams
of the basin are minor but potentially important
contributors. Water, sediment, and nutrients from
the American River and the other watersheds are
important factors governing the ecological health
of San Francisco Bay (the Bay) and Delta,
including many estuarine fish species and their
foodwebs. The American Basin was once an
important wintering area of waterfowl the use the
Central Valley portion of the Pacific flyway.

The American River is also an essential watershed
for the spawning, rearing, and migrating fall-run
chinook salmon, steelhead, striped bass, and

INTRODUCTION American shad, which must pass through the Bay
and Delta during portions of their life cycle.
Although their period of residence in some casesThe American River Basin Ecological

Management Zone is located east of the(e.g., steelhead) in the Bay and Delta may be

Sacramento River and lies between the Bear Riverbrief, it constitutes an important part of the life

to the north and the Cosumnes River to the southcycles of these fish species. Hence, the population

(Figure 14). The total watershed encompassesstatus of these anadromous fish species is

about 2,000 sq. mi. (California State Lands influenced by human activities that affect both
their freshwater riverine and Bay-Delta estuarine

Commission 1993). The zone consists of several
watersheds adjacent to and including thehabitats.

American River. These watersheds includes
The two ecological factors with the greatest

smaller creeks that drain into the Natomas Cross       influence anadromous fishes of the loweronCanal (NCC), the Natomas East Main Drainage
American River are seasonal stream flow and

Canal (NEMDC), Morrison Creek, and the lower
American River below Folsom and Nimbus Dams.water temperature. In addition spawning gravel,

The NCC and NEMDC form the watersheds of the stream-channeldynamics,shadedriverineaquatic

American Basin including the Natomas Basin,(SRA) and riparian habitats also are important

located east of the Sacramento River between thefactors. Stressors such as dams, legal and illegal
harvest, water quality (e.g., water temperature andBear River and AmericanRiver watersheds.

Mordson Creek is a small watershed located justtoxins from urban runoff), and artificial

south of Sacramento and the American River thatpropagation of anadromous fish further affect the

drains into the north-eastern portion of the Deltapopulationdynamicsof anadromousfish in
watersheds of the zone.in the Stone Lakes area.

The health of the Sacramento-San Joaquin River
Delta (Delta) depends on the condition of the

Volume I1: Ecosystem Restoration Program Plan
-~ ~4~T~ American River Basin Ecological Management Zone

~ P.~ca/~ June 1999
300

C--0~9730
C-019730



DESCRIPTION OF THE
¯ neotropical migratory birds
¯ Swainson’s hawk

MANAGEMENT ZONE ¯ waterfowl
¯ non-native warmwater gamefish

The American Basin Ecological Management̄ plants and plant communities.
Zone is located in the east-central portion of
Central Valley. Its eastem boundary is the Sierra DESCRIPTIONS OF
foothills. The western boundary is the
Sacramento River and Delta. The northern ECOLOGICAL MANAGEMENT
boundary is the Feather River Ecological UNITS
Management Zone. The southem boundary is the
Cosumnes River Ecological Management Zone. AMERICAN RIVER BASIN
This Ecological Management Zone has two ECOLOGICAL MANAGEMENT UNIT
Ecological Management Units:

The American River Basin Ecological
¯ American Basin, and Management Unit includes the watersheds
¯ Lower American River between the American and Feather River systems

on the east side of the Sacramento Valley. The
streams included from North to South are Coon
Creek, Markham Ravine, Auburn Ravine, Pleasant
Grove Creek, Curry Creek, Dry Creek, and
Arcade Creek. These creeks enter the floodplain
drainage systems of the Natomas Cross Canal
(NCC) and the Natomas East Main Drainage
Canal (NEMDC) in southern Sutter and northern
Sacramento counties. The NCC drains into the
Sacramento River just south of the Feather River,
while the NEMDC drains into the Sacramento
River just to the north of the American River. The
NEMDC watershed is comprised of the Dry Creek
and Arcade Creek watersheds. Dry Creek’s

Location Map of the American River Basin Ecological headwater watersheds include Linda Creek, Cirby
Management Zone. Creek, Miners Ravine, and Antelope Creek, which

come together and form Dry Creek near’the City

LIST OF SPECIES TO BENEFIT FROM of Roseville in southern Placer County. Dry

RESTORATION ACTIONS IN THE Creek then flows southwest through Sacramento

AMERICAN RIVER BASIN County to the NEMDC in the City of Sacramento.
The NCC watershed includes Coon Creek with its

ECOLOGICAL MANAGEMENT ZONE main tributary Doty Creek, Markham Ravine,

¯ fall-run chinook salmon
Auburn Ravine with its main tributary Dutch

¯ steelhead trout
Ravine, Pleasant Grove Creek, and Curry Creek.

¯ splittail
¯ native resident fishes Once large wetland areas, the American Basin

floodplain is now principally rice fields in the¯ lamprey
north and central areas, with the metropolitan area¯ American shad

¯ giant garter snake of the City of Sacramento in the south. The
Sacramento River levee marks the western

~ ~
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i
boundary of the unit. The northern boundary is theintermittent. During the spring through fall
Bear River watershed. The southern boundary isirrigation season, much of the water in theseI the American River watershed. The easternstreams is diverted along their paths to irrigation.
boundary is the upper watersheds of the Bear andIn the lower floodplain, water is pumped into the
American Rivers. Above the floodplain the creeks basin from the Sacramento River and dispersed

I pass through the rolling hills Placer County,through systemirrigation canals maintainedof the of

and the cities of Lincoln, Roseville, and Rocklin.by the Natomas Central Mutual Water Co.
This central portion of the creek watersheds is a(NCMWC) for irrigation.I of agricultural lands, grasslands,mixture andoak

woodlands. The upper eastern portion of the unitIn all but wetter years, winter-spring rainwater is
consists of the upper watersheds of Coon Creek,conveyed from the natural floodplain of theI Auburn Ravine, and Creek that extend American Basin to the Sacramento River via theDry
upslope into Sierra foothills near the City ofNCC, NEMDC, and drainage ditches. In wettest
Auburn. Here lands are a mixture of oak-pineyears large portions of the floodplain are subject

I woodlands and orchards, intermixed with otherto flooding from overtopping levees or simply
agricultural and municipal developments, filling with rainwater. Floodwaters are eventually

drained and pumped to the Sacramento River.

I The unit has a Mediterranean climate with wet
winters and dry summers. With only a maximumThe American Basin Ecological Management Unit
elevation of about 1,500 ft, little or no snow melt has two distinct geomorphological areas: the hilly

I enters the upper watershed of the unit. Theeast side in the Sierra Foothills and the valley
eastern foothill portion of the unit receives morefloodplain on the western side adjacent to the
rainfall (about 40 inches) than the valley portionSacramento River. The western portion of the unit

I (about 20 inches). Of the streams, Coon, Doty,in the Sacramento Valley floodplain is best
Auburn Ravine, Dry Creek, LindaCreek, Miners described as an agricultural belt with some
Ravine, Secret Ravine, and Antelope Creek havemanaged wetlands. Most of the land is in rice

I sufficient summer flow from diversions fromproduction and is 20 to 30 feet of elevation or less.
other basins, ground water, storm drains, irrigation
returns, or sewage treatment effluent to beThe NCC’s northern extension, the East Side

I considered perennial. Water is also diverted fromCanal, and its southem extension, the Pleasant
the upper Bear and American River watershedsGrove Creek Canal capture the flows of the
into the Coon Creek, Auburn Ravine, and Dry creek’s oftheNCC watershed and convey them to

i Creek watersheds for irrigating lands in thethe NCC and west to the Sacramento River. The
American Basin. NCC has a capacity of 22,000 cfs, which in high

water years is insufficient to carry flood flows,
Stream flows have been modified by waterthus water tends to back up into the lower creek
diversions, subsidence in ground water tables, anddrainages despite channel capacities totaling
watershed activities such as grazing, road36,000 cfs. The NEMDC captures theflowsof

i building, wetland    management, forestDry and Arcade Creeks and conveys them to the
management, and agriculture. In wetter periodsSacramento River just upstream from the mouth of
all the streams are essential in carrying stormflow,the American River.

i Drains and ditches in the lower floodplain convey
floodwaters to the NCC, NEMDC, and RD 1000 Lands west of Pleasant Grove Creek Canal and the
pumping plants on the Sacramento River. NEMDC to the Sacramento River are in the

Natomas Basin. These lands and those west of the
In drier periods, creeks of the unit are used toEast Side Canal were once floodplain marshes
carry drain water, convey irrigation water, or areconnected to the Sacramento River, and are now

I
~ ~
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protected from flooding by levees and a series oflack adjacent upland transition habitat and other
drainage canals operated by Reclamation Districtattributes of fully functioning wetlands. Seasonal
1000 that drain rainwater, floodwaters, andwetlands include portion of the floodplain that
irrigation return water back to the Sacramentoflood in winter and spring, especially in high
River via a system of drainage ditches andrainfall years. Most ofthishabitat is located in the
pumpingstations. In the southern portion of Valley floor adjacent to the Sacramento River.
Natomas Basin there are extensive developmentsSeasonal wetlands once covered large areas of the
including the Sacramento Metropolitan Airport,Basin during the winter rainy season or after
Arco Arena, Interstate Highways 5 and 80, and the seasonal flooding. With reclamation, flooding
City of Sacramento. Of the approximately 50,000 occurs primarily from accumulation of rainwater
acres in Natomas Basin, approximately 40,000 arebehind levees, from inflow to the basin of flood
croplands (mostly rice), 5,000 are urban, 1,500 are waters carried by the foothill creeks, or from
roads, 1,500 are vacant, and 3,000 are wetlands orwater diverted to leveed lands (e.g. rice lands and
open water, managed wetlands). Seasonal wetlands are

important habitat to many species of fish,
East of the Natomas Basin and East Side Canal thewaterfowl, shorebirds, and wildlife. Vernal pool
floodplain extends up the watersheds of thehabitat is common in the central and eastern
creeks. Rice field dominate the low lands, whileportion of the floodplain.
grasslands and oak woodlands with mixed
agriculture and pasture lands occur between theRiparian habitat, both forest and shrub, is found
creek bottoms. Elevation rises gradually fromon the water and land side of levees and along
west to east from 30 feet to about 100 feetcreek channels of the unit. This habitat ranges in
elevation.    Lincoln, Roseville, and othervalue from disturbed (i.e., sparse, low value) to
Sacramento suburbs are located in this portion ofrelatively undisturbed (i.e., dense, diverse, high
the unit. value). The highest value riparian habitat has a

dense and diverse canopy structure with abundant
Further to the east begins the foothills to the eastleaf and invertebrate biomass. The canopy and
of Lincoln, Roseville and Sacramento. Here thelarge woody debris in adjacent aquatic habitat
watersheds of Coon Creek, Auburn Ravine, andprovide shaded riverine aquatic habitat on which
Dry Creek tributaries rise quickly to elevationsmany important fish and wildlife depend on
near 1,000 feet near the City of Auburn in Placerduring some portion of the life cycles. The lower
County. The creeks flow through forested ravines,value riparian habitat is frequently mowed, disced,
The hills are a mixture of orchards, woodlands,or sprayed with herbicides, disturbed by livestock
grasslands, pastures, and other agricultural andgrazing and watering, resulting in a sparse, habitat
municipal developments. In some locations thestructure with low diversity. Riparian habitat is
creeks are dammed creating small ponds andused by more wildlife than any other habitat type.
wetlands. Some areas have quality riparianFrom about 1850 to the turn of the century most of
forests, while others are degraded from livestockthe riparian forests in the Central Valley were
grazing or other land use activities, decimated for fuelwood as a result of the gold

rush, river navigation, and agricultural clearing.
Important habitats in the unit are wetlands,Remnant patches are found on levees, along
riparian forests, and grasslands. Marshes, oncestream channels, and along the margins of
the most widespread habitat in the Americanmarshes. Riparian habitats and their adjacent
Basin floodplain, are now restricted to remnantshaded riverine aquatic habitat benefit many
patches. There have been extensive reclamationspecies of fish and wildlife. There is little riparian
of emergent wetland habitat to agriculturalhabitat in the western, floodplain portion of the
development.Most of the remaining wetlands unit. Riparian habitat is more prevalent along the

~ Clca~o
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creeks from the valley floor to the basinThe giant garter snake (GGS) is a State and
headwaters, but suffers in places from effects offederally listed threatened species whose habitat is
livestock and well urban marsh lands with used for sheltergrazing watering,as adjacentuplandsas

development, from flooding and winter hibernation. There have
been numerous observations of the GGS in this

habitats found the eastern unit. to do well in the ofUpland are on Theyappear systems
floodplain and foothills and consist primarily ofdrainage and irrigation canals and rice fields, and
grasslands and oak woodland and oak savanna. Ofother seasonal wetlands.
these perennial grasslands are an important
transition habitat for many wildlife species and areSwainson’s hawks are a State listed threatened
buffers to protect wetland and riparian habitats,species found primarily along the riparian corridor
Much grassland habitat associated with wetlandof the Sacramento River on the west side of this
and riparian habitat has been lost to agricultureunit. At one time they were likely found in the
(i.e. pasture, grain, vineyards, and orchards) andriparian corridors of the floodplains of the creeks
development (i.e., airports, sports complexes,of this unit. They forage widely over the unit in
industrial parks, home construction, golf courses),grasslands and agricultural areas.
Grasslands are important buffers of wetland and
riparian habitat and provide habitat for many plantWild juvenile fall-run chinook salmon have been
and animal species, found in small numbers in Coon Creek, Dory

Creek, Auburn Ravine, and the upper creek
Agricultural habitats are also important habitat aswatersheds of Dry Creek, including Secret Ravine,
they support populations of small animals, such asAntelope Creek, and Miners Ravine. Juvenile
rodents, reptiles, and amphibians, and providesalmon raised in the Feather and American River
opportunities for foraging shorebirds, waterfowl,hatcheries have been stocked since 1983 in several
and raptors. Nonflooded fields and pastures arestreams including Coon Creek, Auburn Ravine,
also habitat for pheasants, quail, and doves,and tributaries of Dry Creek. With Bear and
Preferred habitat of raptors consists of tall treesAmerican water present in many of these creeks,
for nesting and perching in proximity to opensalmon from these rivers may stray into the creeks
agricultural fields, which support small rodentsof the American Basin. Both Coon Creek and
and insects for prey. Both pasture land and alfalfaAuburn Ravine have been stocked with fingerling
fields support abundant rodent populations. Ricefall-run chinook salmon during the 1990s. Dry
lands provide invertebrates and amphibians forCreek, Auburn Ravine, Doty Ravine, Secret
shorebirds, waterfowl, and snakes. Ravine, and Coon Creek received plants of

Feather River spring-run chinook salmon in the
Important biological resources in this Ecologicalmid 1980’s. Adult salmon carcasses have been
Management Unit include the giant garter snake,observed in Antelope Creek, Miners Ravine, and
Swainson’s hawk, fall-run chinook salmon,Secret Ravine in the late fall. In 1963 and 1964
steelhead, waterfowl, as well as many other nativeDFG surveys indicated 300-800 wild fall-run
plants and wildlife found within the diversity ofchinook salmon spawned successfully in Secret
habitat types. Though creeks of the basin containRavine, where spawning gravels were once
chinook salmon and steelhead in small numbers,adequate for over 1,000 salmon. DFG surveys
the creeks are primarily warm water habitats thatindicate that Doty Ravine has sufficient spawning
sustain largemouth and smallmouth bass, catfish,habitat for 400 salmon redds. Salmon are limited
sunfish, suckers, andminnows including by low flows and high water temperatures in the
squawfish and carp. fall during the upstream migration of adults and in

the the downstream ofspringduring migration
juveniles.
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Rainbow trout/steelhead fry have been found inFolsom Reservoir. Average historical unimpaired
Coon Creek, Auburn Ravine, Dry Creek and, runoffat Folsom Dam is 2.8 million acre-feet (af).
tributaries of Dry Creek, particularly Secret
Ravine and Miners Ravine. Adult steelhead haveThe American River meanders through a 4,800-
been observed in Auburn Ravine and steelheadacre floodplain that is bordered, for the most part,
smolts have been found in Dry Creek, Secretby low bluffs in its upper course and levees along
Ravine, and Miners Ravine.. Steelhead/rainbowits lower course. Most of the floodplain between
trout require cool waters and sufficient flowthe levees and opposite the bluffs has been-through the summer and fall to sustain theiracquired by either the City or County of
populations. Such habitat still exists in the upperSacramento and is managed cooperatively as the
watersheds of these creeks. Inter-basin diversionsAmerican River Parkway. The lower American
into these creeks from the Bear and AmericanRiver, below Nimbus Dam, is also listed as a State
River watersheds probably helps sustain steelhead,and federal Wild and Scenic River and designated

as "recreational".
Native fishes resident in the creeks of the unit
include Sacramento squawflsh, SacramentoDevelopment on the American River began in the
sucker, hitch, California roach, and hardhead,early days of the Gold Rush when numerous small
These fish are adapted to higher winter-spring anddams and canals were constructed. Today, the
low summer fall flows and warmer summer-falldrainage has three major and 10 smaller reservoirs
water temperatures of the creeks, with a total storage capacity of 1.9 million af.

Folsom Lake, the largest reservoir in the drainage,
Splittail migrate from the Bay-Delta into the lowerwas constructed in 1956 and has a storage
rivers to spawn in late winter and early spring,capacity of 974,000 af. Proposed additional water
They seek flooded lands to spawn including thoseproject developments in the basin are the 2.3-
of the Yolo and Sutter Bypasses. In wet yearsmillion-afAuburn Dam and the 225,000-af South
they likely migrate upstream into the lower NCC Fork American River project. Folsom Dam,
and NEMDC and spawn in flooded portions of located approximately 30 miles upstream from the
creeks of this unit. mouth of the American River, is a major element

of the federal Central Valley Project (CVP),
LOWER AMERICAN RIVER operated by the U.S. Bureau of Reclamation

ECOLOGICAL MANAGEMENT
(Reclamation) as an integrated system to meet
contractual water demands and instream flow and

U N IT water quality requirements.

The American River is a major tributary to theThe American River has a natural pattern of
Sacramento River, with their confluence located atmoderate flows in winter, high flows in spring,
theCity of Sacramento. It provides approximately very low flows in summer, and low flows in fall.
15% of the total Sacramento River flow. The This pattern is atypical of northern Sacramento
American River ranges in elevation from 23 feetValley streams, which are fed by springs from the
tomore than 10,000 feet and drains a watershed ofCascade Range, and more similar to San Joaquin
approximately 1,900 square miles. AverageRiver tributaries. Flows in theSacramentoRiver
annual precipitation in the watershed ranges fromand tributaries usually peak in March, whereas
23 inches on the valley floor to 58 inches at theflows on American and San Joaquin River
headwaters. Approximately 40% of American tributaries peak progressively later in spring from
River flow results from snowmelt. The Americannorth to south. Natural (unimpaired) flows on the
River has three major branches: the South,American River in dry and normal rainfall years
Middle, and North Forks, all of which drain into generally peak from March to May.
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Annual rainfall in the watershed is also highlymonths consistently average 1,200-3,200 cfs,
variable. In the wettest years, unimpaired flowswhereas unimpaired flows average less than 500

cubic feet second cfs. Fall and winter flows have increased20,000-34,000 (cfs)average per slightly
in winter months. In the driest years, unimpairedin dry and normal years. Spring flows (March
flows in winter months average only 200-800 cfs.through May) have decreased from an unimpaired

flows, particularly in March level of 3,500-4,500 cfs to 1,200-1,500 cfs inUnimpairedspring dry
through May, are generally more dependable,years. In normal rainfall years, spring flows are
ranging from 1,300-1,500 cfs in driest years,2,800-4,200 cfs, compared to unimpaired flows of
3,500-4,500 cfs in dry and 5,000-6,500 cfs 5,500-6,800 cfs. A similar decline in spring flowsyears,
in normal years. Unimpaired flows duringhas occurred in wetyears.
summer and early fall are 0 cfs in the driest years,
increasing to 1,000-6,000 cfs in the wettest years. nimpaired MonthlyAverage Flow
In median rainfall years, unimpaired summer and
early fall flows are generally 100-500 cfs.
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Unimpaired Monthly Average Flow on the American River
below Nimbus Dam, 1962-1992 (Dry Year Is the 20th

Percentile Year; Normal Year Is the 50th Percentile or Median
Year)

Important aquatic resources that depend on the
Historic Monthly Average Flow on the American River below Lower American River and its riparian habitats

Nimbus Dam, 1962-1992 (Dry Year Is the 20th Percentile Year; include naturally spawning fall-run chinook
Normal Year Is the 50th Percentile or Median Year)

salmon, steelhead, American shad, other native
fish assemblages, amphibian populations, and

Because the watershed contains 13 reservoirs, thelower trophic organisms. Important aquatic
natural flow pattern of the lower American Riverhabitats include holding, spawning, rearing, and
has been altered extensively. Spring flows havemigration habitats for all fish species; sufficient
been greatly reduced, summer and fall flows havequantities of high-quality water at the appropriate
increased substantially, and winter flows aretemperature; and riparian and SRA habitats.
relatively unchanged. Annual variability has been
reduced by the release of water from FolsomThe American River historically supported
Reservoir in drier years. Peak average monthlysteelhead trout and chinook salmon that spawned
flows in high rainfall years remain unchangedprincipally in the upper watershed above the
from unimpaired flows. Summer and early fallvalley floor. There is historical documentation of
flows in the driest years average 300-900 cfs,chinook salmon in the North, Middle, and South

flows 0 cfs. and steelhead in the North Fork and Middlewhereasunimpaired average Dry- forks,
and normal-year flows in summerand early fallFork as far upstream as the rubicon River
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(Yoshiyama et al. 1996). Each populationanadromous fish migration. The native spring-run
probably exceeded 100,000 fish. Salmon andsteelhead was probably eliminated at this time.
steelhead runs have declined significantly in the
lower American River because of the combinedDecision 893 (D-893), issued by the California
effects of dams blocking traditional spawning andState Water Resources Control Board (SWRCB),
rearing areas (nearly all of the steelhead historicalestablished the minimum allowable riverflow in
spawning and rearing habitat is located abovethe lower American River as 500 cfs from
Nimbus Dam [McEwan and Nelson 1991]), September 15 through December 31 and 250 cfs
altered seasonal flow regimes resulting from damfrom January 1 through September 14. This flow
operations, severe flow fluctuations that dewaterregime is inadequate to maintain anadromous fish
redds and strand juveniles, and high waterin the present spawning and rearing areas of the
temperatures during crucial periods of salmon andlower American River below Nimbus Dam.
steelhead development. Except for drought years such as 1976-77 and

~,~o water-years 1989-1992, flows have seldom
80.000 dropped to these minimum levels.
70,000

~o,ooo Since Folsom Dam and Reservoir were
~o,ooo constructed, Reclamation has made releases that
~o,ooo are legally constrained by the outdated fish flow
~o,ooo requirements ofD-893, which allows flows in the
20,000 river during dry years to be as low as 250 cfs.
~o,ooo Nevertheless, Reclamation voluntarily releases

o~ amounts sufficient to meet D-1400 (discussed
below) when water is available. In recent years,

Naturally Spawning Fall-run Chinook Salmon Returns to the Reclamation has made an attempt to voluntarily
American River, 1953-1997 (Hatchery returns are not included), implement the flow objectives established by the

AnadromousFishRestorationProgram(AFRt’)o
Historically, over 125 miles of riverine habitat
were available for anadromous fish in theSWRCB Decision 1485 (D-1485) established
American River system. Since the 1890s a dam,water quality standards for the Delta that require
which included a semi-functional fish ladderadditional releases from upstream storage
which passed relatively low numbers of spring-runfacilities, including Folsom Reservoir.
chinook salmon and steelhead, was located atReclamation has relied on releases from Folsom
Folsom. A relatively large run of fall-run chinookReservoir to help meet the standards imposed by
salmon became established in the reach of theD-1485 because of its location near the Delta and
river below the old Folsom Dam (Clark 1929). the high probability of refill in the winter. This
Counts of steelhead passing through the fishwaychange in operation has reduced the carryover
on the old Folsom Dam from 1943 to 1947 storage in Folsom Reservoir, which has resulted in
indicate that the majority of the steelhead wereless cold water being retained through summer
spring-run which ranged in number from 200 inand fall in the reservoir. This, in turn, has often
1944 to l,252 in1948 (USFWS and CDFG1953). resulted in high summer and fall water
These fish passed through the fishway from Maytemperatures (above 70°F) in the lower American
through July en route to their upstream spawningRiver.
and rearing areas. In 1950, flood waters destroyed
the ladder, eliminating upstream spawning andIn 1993, the Sacramento Area Flood Control
rearing areas and in 1955 Nimbus Dam was closedAgency (SAFCA) prepared and distributed
and becamethe upstream terminousof environmental documentation associated with
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operating to a new flood control diagram, known" loss of islands and riparian vegetation.
as the 400-670 Variable Flood Control Diagram.
As of the SAFCA work to net Because of these the lower Americanpart providea changes,
beneficial effect to the salmonid resources of theRiver is managed to provide or emulate, as much
American River, water temperature modeling andas possible, the conditions that formerly existed
hydrologic modeling were conducted to evaluate of Folsom Dam.upstream
the beneficial effect of the shutter reconfiguration
at Folsom Dam. Other important habitats have been severely

disrupted by water storage and diversions, as well
.The California Department of Fish and Gameas levee construction and maintenance. Rapid
(DFG) recently completed the Lower American flow fluctuations strand salmon and steelhead
River Steelhead Management Plan, whicheggs and juveniles on higher terraces and in side
identifies poor habitat conditions in the lowerchannels. The present condition of migration,
American River as a problem for steelhead. Coldspawning, and nursery habitat for American River
water temperatures cannot be maintained yearsalmon and steelhead limits and impairs
round in the lower American River because of therecruitment and survival of juvenile fish. Boating
limited amount of cold water present in Folsomand rafting safety programs remove woody debris
Reservoir that is available for releases to the fiver,and overhanging SRA habitat from the river,
In addition, the practice of clearing trees and otherthereby reducing the quality of important rearing
objects from the river to eliminate hazards tohabitats
recreationists reduces instream cover for juvenile
steelhead rearing in the river. Rearing habitat quality for young salmon and

steelhead also has been reduced by low flows and
Among the most significant factors affecting theassociated high water temperatures, especially in
American River ecosystem are altered naturaldrought years. FolsomDam has a limited capacity
runoff patterns, impaired channel maintenancefor selective withdrawal of cold water from deeper
processes, and loss of connectivity betweenportions of the reservoir to control downstream
upstream spawning and rearing habitats and thewater temperatures. At Nimbus Dam, turbine
lower river following construction of Folsom andintakes draw in the heated surface waters of Lake
Nimbus Dams. These changes have resulted inNatoma rather than the cooler, deeper flows from
the following: Folsom Dam. When turbines are not operating at

Nimbus Dam, heated surface water from Lake
¯ exclusion of salmon and steelhead from manyNatoma is released over spillways to the river

of their historic upstream spawning andbelow the dam.
rearing areas,

Some of the gravel beds in the river below
¯ altered seasonal river flow and waterNimbus Dam have either been washed

temperature, downstream or become armored and, therefore,
are no longer moved by seasonal peak flows.

¯ significant reduction in high-qualityspawningFloods wash gravel downstream or onto high
and rearing habitats, terraces along the river, where it is of little value.

Many natural side channels still retain the scars of
¯ armoring of existing instream gravelextensive dredger mining from nearly a century

resources, ago; others have been eliminated and no longer
provide nursery or rearing habitat for juvenile

¯ elimination of natural stream meanders, andsalmon and steelhead. In the fiver issomecases
connected to former dredger ponds (e.g., near
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IArden Pond and at the Sailor Bar pond), that may VISIONS FOR ECOLOGICAL
increase already high river water temperatures
locally, and can provide refuges for predatory, MANAGEMENT UNITS

!non-native warm water fishes such as smallmouth
and largemouth bass. Reduced river flows, rip-rap /~IdVIERIC/M~I BASIN ECOLOGIC/M_
bank protection, and levees contribute to the MANAGEMENT UNIT
decline or impairment of natural sediment
transport and channel maintenance processes,The vision for the American Basin Ecological
which have combined to substantially reduceManagement Unit includes improved water ¯
natural gravel recruitment and transport in thequantity and quality from the basin to sustain
river, aquatic, wetland, riparian, and upland habitats that

support natural production of an abundance of
Another factor limiting production of naturally resident fish and wildlife, as well as waterfowl and |
spawning salmon and steelhead is the presence ofother migrant birds that use the Pacific Flyway
large numbers of native and non-native predatorseach winter. The vision includes improving,
and competitors. The highly modified flowrestoring, and enlarging areas of remaining native ¯
regime and altered instream habitat have providedhabitats and establishing connectivity of those
potential advantages to striped bass, Sacramentoareas. Native habitats include riparian, emergent ¯
squawfish, suckers, smallmouth and largemouthwetlands, season wetlands, and grasslands. |
bass, resident trout, and American shad. Sport
and commercial harvest also remove chinookThe vision focuses on improving watershed,
salmon and steelhead adults from the naturalstream channel, and floodplain processes that |
spawning population, would lead to increased seasonal flows of quality

water in the creeks, and area wetlands, and
reducing the input of agricultural waste runoffand

IVISION FOR THE associated contaminants into unit watersheds and
ECOLOGICAL wetlands, and the Sacramento River.

MANAGEM ENT ZON E Improvements in the quality and quantity of water
Isupplies provided to publicly and privately

managed wetlands will reduce stresses on
The vision for the American River Basinwaterfowl populations. Additional water quality

iEcological Management Zone includes restoringimprovements can be achieved by tertiary water
important fishery, wildlife, and plant communitiestreatment plants to improve effluent discharges.
by restoring ecological processes, habitats andImprovements in water quality and quantity to unit

Ireducing the adverse affects of stressors. Thecreeks and the Sacramento River will directly
vision for this Ecological Management Zonebenefit fish and wildlife of the Sacramento River
focuses on restoring an ecologically basedand the Bay-Delta. ¯
streamflow plan, improving the supply and
accessibility of sediments, maintaining theFloodplain habitat improvement would be the
existing stream meander configurations,focus of efforts in the western portion of the unit.

Imaintaining water temperatures in the lowerRiparian and stream channel improvements would
American River to support anadromous fish, andbe the focus of efforts in the middle and upper
supporting the development of locally sponsoredwatersheds. Seasonal wetlands for migratory

Iwatershed planning. The vision also encouragesspecies such as waterfowl and shore birds would
restoring a variety of aquatic, riparian, andbe expanded and improved. Present restoration
terrestrial habitats for fish, wildlife, and plantefforts can be expanded by ensuring adequate

Icommunities, supplies of high quality water to the seasonal
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wetlands. Water supplies can be improved byshould reduce peak flood flows to the Sacramento
reducing or eliminating diversions in streams andRiver and water levels in flood-prone portions of

that flow into wetlands, natural the unit.sloughs Restoring
watershed, stream, and floodplain processes along
creek watersheds will promote natural habitat LOWER AMERICAN RIVER

Emphasis placed on I=COLOGICAL MANAGEMENT UNITrestoration. shouldalsobe
connecting habitats and providing habitat
corridors necessary for species such as the giantThe vision for the Lower American River
garter snake, Swainson’s hawk, waterfowl, andEcological Management Unit focuses on restoring
neotropical birds, important fishery, wildlife, and plant communities

to a condition in which the status of specific
Throughout much of the central and upper is consideredresources no longer tobeof concern
(eastern) portion of the unit creek restorationwithin the unit. Restoration within the American
would provide higher quality water and improvedRiver will, in turn, contribute to restoring aquatic
habitats for salmon and steelhead. Exclusion of of the This vision will beresources Bay-Delta.
cattle along the streams and creeks, limitation ofaccomplished by restoring or reinitiating
gravel mining, and reduction of diversions wouldimportant ecological processes and functions that
improve stream channels and riparian corridors,create and maintain important habitats for fish,
Reforestation of cottonwood and other riparianwildlife, and plant communities along the lower
forest species has not been possible because cattleAmerican River. Numerous and diverse actions
range through the creek bottoms and land ownersmay be implemented taken on a broad scale to
divert water for irrigation. Facilitating passage atrestore and maintain sustainable, naturally
numerous seasonal dams would allow betterspawning stocks of chinook salmon and steelhead
access to upstream spawning and rearing habitat,in the American River, including improving

seasonal flow and temperature regimes, in-channel
The narrow strips of grasslands and riparianand riparian habitats, fishery regulations, and
vegetation along levees, irrigation canals, andhatchery operations.
drainage ditches would be protected and restored
where possible. More environmentally soundRestoration efforts will emphasize benefits to
means of applications of pesticides and herbicidesnaturally spawning chinook salmon and steelhead
will be sought throughout the unit. Vegetationpopulations, which coexist with non-native
control practices would be modified to support theAmerican shad and striped bass and hatchery
recovery of native plants such as perennial grassesstocks of chinook salmon and steelhead. Harvest
and wetland species. The health of the upperof naturally produced chinook salmon and
creek watersheds will be enhanced by reducingsteelhead will be regulated to ensure sustained
the potential for wildfires in riparian and forestrecovery. Recreation along the river will be
woodlands through forest fuels management andenhanced by improving flows and habitats and
improved fire suppression, expanding populations of salmon, steelhead,

American shad, and striped bass. These actions
Limited wetland areas located in the easternwill also help to sustain the natural aesthetic
portions of the unit adjacent to the Sacramentoquality of the stream channel and the associated
River should be protected and expanded. Streamriparian corridor and floodplain while allowing
flow into the wetland-slough complexes should beboth consumptive and nonconsumptive uses of the
improved. Water quality should also be improved, fish, wildlife, and plant resources of the area.
Natural floodplain processes should be enhanced
through levees, stream meanders, The American River Flood Control Project, theset-back and
seasonal flood overflow basins, which in turnlower American River Parkway, operations of
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Folsom and Nimbus dams of the CVP, and theunimpaired river flows below Nimbus Dam,
designation of the parkway as a State and federalbecause these juvenile fishes must rear in the non-
Wild and Scenic River are essential elements thattraditional habitats of the lower river instead of the
will guide the restoration of ecological health ofupstream reaches above the dams. Managing
the American River Basin Ecologicalflows and water temperatures is necessary to
Management Zone. optimize use of limited water resources. Doing so

would require alternative operation of the water
Restoration activities are directed at improvingrelease shutters at Folsom Reservoir’s power
seasonal stream flow and water temperatures,penstocks and physical modifications to the urban
spawning gravel resources, and stream channelwater intake structures to facilitate the diversion of
configuration and habitat, and riparian corridorwater from Folsom Dam at elevations other than
management. These processes, in turn, will317 ft(msl).
support development and maintenance of
spawning and rearing habitat (e.g., physicalHabitat improvements in the lower American
habitat, water temperature, and food supply). ToRiver are necessary to increase spawning and
support populations of naturally spawningrearing habitat quality and quantity for salmon and
steelhead trout, fall-run chinook salmon,steelhead to improve natural production of these
American shad, and resident native fishes, theanadromous fish species. Improved spawning
natural stream flow pattern and spawning andhabitat will lead to increased production of young
rearing habitat need to be improved. Of thesesalmon and steelhead. Improved stream channel
actions, improving seasonal stream flow and waterand riparian vegetation will increase the
temperature have been identified by the Loweravailability of essential spawning and rearing
American River Technical Team as being ofhabitat available for chinook salmon and
greatest importance in restoring anadromous fishsteelhead. Some changes to the stream channel
populations in this river, could reduce warming of the river and provide

fewer refuges for warm water predators.
For the American River, improving spring (i.e.,
March through May) flows would help steelheadMany of the deficiencies identified in ecosystem
and American shad move upstream into theprocesses in the American River can be remedied
American River during their traditional springby improving water management and modifying
migrations. Such flows during these months couldaquatic and terrestrial habitats. For example, side
also benefit older juvenile fall-run chinook salmonchannels can be restored along with SRA habitat
and steelhead migrating downstream to the estuaryto provide rearing habitat and reduce heating of
.and ocean after rearing for an extended time.the river. Much of the needed gravel for the river
Moreover, improved spring flows would also is stored in and along the river but is unavailable
benefit stream channels, gravel transport andbecause of armoring or is stored on higher terraces
cleansing, and riparian vegetation in the lowerand in dredger tailings. Restoration efforts can
river, which, in turn, will benefit fish. Improvedfocus on reconfiguring the existing channel,
flow from the American River in spring wouldredistributing available gravel supplies and
also enhance survival of American and other riverrestoring riparian vegetation while maintaining or
anadromous fish during their passage downstreamimproving the flood capacity of the channel.
through the Delta to the Bay and ocean.

Ameliorating or eliminating these problems would
In addition to spring flows, flows are also neededrequire long-term intervention and maintenance
in other seasons to protect juvenile salmon andbeyond simply replenishing the gravel supply of
steelhead rearing and migrating in the river. Inthe American River. Although redistributing
some cases, flow needs exceed natural,      available gravel and improving the gravel
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!
permeability of salmonid spawning grounds is animportant for maintaining native rainbow
important element of the vision, reconstructingtroutdsteelhead through the summer in upper CoonI and the channel also would be critical Auburn and Creekmaintaining Creek, Ravine, Dry
aspects of the effort. For example, much of the(tributaries). Some stream flow is also needed to
natural channel has become incised and armored,support native resident fishes through the summer-I because sand and for spawning fall irrigation The vision for stream flowgravelappropriate season.
have been continually eroded without beingis where possible natural streamflows will be
replaced, retained in creeks to support riparian habitat and

I important species. This involve reducedmay
Adequate seasonal flows to sustain salmon anddiversions or increased inflows either from
steelhead populations are not always available inincreased inter-basin diversions or other sources

I the American River. This is especially true forof water (i.e., groundwater or recycled water).
flows during spring through fall in drier than
normal water-years. Additional water releasesStreamflows shape river channels, support riparian

I will be made possible from Folsom Lake storage,vegetation, and provides habitat for fish and other
through purchases of CVP water from willingaquatic organisms. The vision for streamflow in
sellers for fish and wildlife, revised guidelines forthe American River below Nimbus Dam is to

I operation of the CVP and State Water Project more closely emulate the natural flow regime of
(SWP), water transfers, and/or purchases of waterthe river through operating changes in the
conserved from other sources using availableallocation of the available water supply of

I restoration funds, reservoirs and reducing demands on water supply
in drier years to maximize direct benefits to lower

Reaching this vision for the American RiverAmerican River anadromous fishery resources.

I Ecological Management Unit will also requireImprovement in spring flows also will provide
reducing the adverse effects of illegal and legalindirect benefits by supporting naturally occurring
harvest, hatcheries, and contaminants from urbanseasonal flow patterns in dry and normal years

I drainage on lower American River aquaticthat supports many ecological processes/features
resources. The following section describesessential to the health of anadromous fish
additional visions or objectives for restoring keypopulations.

I ecological processes, habitats, and important
species of the American River. COARSE SEDIMENT SUPPLY: Sediment supply

is an important watershed attribute that contributes

I VISIONS FOR ECOLOGICAL to stream channel meander and maintenance of

PROCESSES
riparian systems. Sediment supply and gravel
recruitment on the American River is impaired

I because recruitment from upstream is blocked byCENTR/M. VALLL~( STRE~MFLOW: Though Folsom and Nimbus Dams. The vision is to
many of the streams in the American Basin areredistribute and/or supplement gravel to provide
naturally intermittent, maintenance of the naturalcontinual replenishment of gravel for chinookI winter and spring flows in the streams is importantsalmonandsteelheadspawninghabitat.Activities
for maintaining floodplain processes such asimplemented to reach this vision will be consistent
meander belts and stream channel configurations,with flood control requirements.I as well as riparian and wetland habitats. Stream
flows also attract salmon and steelhead to theSTREAM MEANDER." A natural stream-
creeks of the basin beginning in fall, and transportmeander process in the American River is noI young salmon and steelhead downstream in winter because of flood-controllongerpossible dams,
and early spring.Adequate streamflows are levees, remnant effects of dredger mining, and
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altered flow patterns. The vision is to sustainrestoration of chinook salmon and steelhead
some semblance of a natural stream meanderpopulations and to avoid high water temperatures
corridor to the extent possible to sustain thewhich cause mortality or result in other adverse
diversity of habitats that depend on a naturaleffects to young steelhead (e.g., reduced growth),
meander, and to dissipate the energy of the river,or delay fall spawning of salmon.

NATUI~L FLOODPUMN PROCESSES: In VISIONS FOR HABITATS
addition to changes in stream flow, floodplains
processes have been altered by floodplainSEASONAL WETLANDS: Seasonal wetlands,
development including flood control levees,including vernal pools, are important habitat for
reclamation of wetlands for agriculture, gravelmany species offish, wildlife, and waterfowl. The
mining, and other land uses. The vision is wherevision is to protect existing areas of seasonal
possible natural floodplain processes will beflooding and to maintain or expand sources of
preserved by allowing winter-spring flows towater to promote higher quality wetlands
overflow into riparianand wetlandhabitats. especially in drier years. Areas where seasonal
Natural stream meanders will be encouraged byflooding develops seasonal wetlands will be
removing where possible constraints on meanderexpanded. Flooding easements will be obtained
belts such as levees and bank protection in thefrom willing landowners to provide seasonal
lower floodplain portions of the creeks. Natural wetlands in flood prone areas such as Natomas
floodplain overflow will help to collect Basin and lowlands to the east.
floodwaters and sediment, and help to dissipate
the erosive forces of flood waters. RIPARtAN AND RIVERINE AQUATIC

HABITAT: The vision is to fully protect and
CENTRAL VALLEY WATER TEMPEFL~TURES: restore riparian and riverine aquatic habitats to
Beginning in spring when streamflows in themaintain and enhance to support aquatic and
creeks decline after the rainy season, waterterrestria! species, particularly those of primary
temperatures in the creeks increase naturally withmanagement concern.
the warm Valley air temperatures. The creeks do
not cool again until fall. Water diversions,Riparian habitats are important to fish, wildlife
irrigation returns, riparian habitat degradation, andincluding giant garter snake, and waterfowl. The
urban runoff alter this natural pattem. Springs,vision is to protect and expand riparian and
diversions from other watersheds, and higherriverine aquatic habitat, both forest and shrub,
elevations maintain cool water habitat in the upperalong creeks, drainage ditches, irrigation canals,
watersheds of Coon Creek, Auburn Ravine, andand wetlands. Remnant patches of high-quality
Secret Ravine. The vision is provide cooler springriparian habitat will be protected. Areas of
through fall water temperatures in thesedisturbed habitat will be restored where possible.
watersheds by protecting and enhancing streamAgricultural and grazing practices will be
flow where possible, enhancing riparianmodified in riparian zones to encourage recovery
vegetation along creeks, reducing warm waterof riparian and SPA habitat along the creeks.
discharges to the creeks, and reducing diversionsImprovements in stream flows will also benefit
from the creeks, riparian zones. Riverine aquatic habitat is

essential to spawning and rearing salmon and
High summer and fall water temperatures limitsteelhead in the upper basins of Coon Creek,
salmon and steelhead production in the AmericanAuburn Ravine, and Secret and Miners Ravines.
River. The vision is tocontrolwatertemperaturesStream channel and SRA habitat should be
in the lower American River, to the extent protected and enhanced.
possible, to maintain and contribute to the

~ catm~
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I
I          FRESHWATER FISH HABITAT: Freshwater fish        VISIONS FOR REDUCING OR

habitat is an important component needed toI the of resident native and ELIMINATING STRESSORS
ensure sustainability
anadromous fish species. The Lower American
River is typical of a fall chinook salmon spawningWATER DIVERSIONS." The vision for water

I stream (Moyle and Ellison 1991). The quality of diversions is to: 1) prevent loss offish at diversion

freshwater fish habitat in the Lower Americanfacilities; and 2) prevent the take of water from

River will be maintained through actions directedinhibiting the maintenance and/or restoration of

I at streamflows, coarse sediment supply, streamriparian and riverine aquatic habitats. Water

meander, natural floodplain and flood processes,
diversions from streams and adjacent marshes

and maintaining and restoring riparian anddivert streamflow that is important to habitat and

I riverine aquatic habitats, species of the unit. The vision is to reduce water
diversions along creeks and floodways where

ESSENTIAL FISH HABITAT: The Lower       possible to protect fish and enhance riparian and

I American River has been identified as Essentialwetland habitats. Greater streamflows especially

Fish Habitat (EFH) based on the definition of
in drier years will provide for greater amounts of
riparian habitat and sustain salmon and steelhead,

waters currently or historically accessible to

I salmon (National Marine Fisheries Service 1998).
as well as native resident fishes.

Key features of EFH to maintain or restore in the
Lower American River include substrateLL~/EES, BRIDGES, /M~ID BANK

PROTECTION." Levee construction and bank
composition; water quality; water quantity, depth protection have led to the loss of riparian, wetland,
and velocity; channel gradient and stability; food;and shallow-water habitat along the river and
cover and habitat complexity; space; access andadjacent marshes. The vision is to restore riparian

I passage; and flood plain and habitat connectivity,vegetation along levees and protected banks. The
vision is to selectively remove or setback levees

PERENNIAL GRASSLANDS:Uplandhabitatsare       and limit bank protection along streams and

I important for waterfowl, giant garter snakes, andmarshes to allow natural stream processes and
raptors such as the Swainson’s hawk. The visionhabitat development.
for upland habitats is to protect and expand around

i the outer edges of wetlands, and to restoreINVASIVE RIPARIAN AND MARSH PLANTS:
grasslands and remnant oak woodland and oakInvasive plant species can outcompete and
savanna where possible, displace valuable native species. Invasive plants

I often have little or no value to native wildlife and
AGRICULTURAL LANDS: Agricultural habitats are de-stabilizing natural ecosystem functions and
are important to waterfowl and wildlife. The processes. The vision is that invasive plants will

i vision is to foster agricultural practices thatbe controlled to allow native riparian plant species
provide valuable wildlife habitat. Where to naturallypropagate.
sufficient water is available, rice lands will be

i flooded after harvest rather than burned to provide CONTAMINANTS-" Toxins continue to enter the
winter waterfowl areas and reduced air pollution,river from municipal, industrial, and agricultural
Riparian and upland habitats will be protected anddischarges. The toxins have had a demonstrated

I expansion encouraged. Wildlife friendlyeffect on the health, survival, and reproduction of
agricultural practices will be encouraged, waterfowl, fish, and wildlife. The vision is to

reduce the input of toxins entering the streams and

I wetlands to improve health, survival, and
reproduction of many important waterfowl and
other wildlife, as well as reduce contaminant

I
~ ~
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effects on fish in the American River, the harvest will help ensure adequate numbers of
Sacramento River, and the Bay-Delta. spawners.

HARVEST OF FISH AND WILDLIFE: The vision STEELHEAD TROUT: The vision for steelhead
is to reduce or eliminate that illegal harvest oftrout is to recover this species listed as threatened
anadromous fish and to assure that legal harvestunder the ESA, and achieve naturally spawning
will not compromise efforts to rebuild fall-runpopulations of sufficient size to support inland
chinook salmon and steelhead populations in therecreational fishing and that use fully existing and
lower American River. restored habitat. Steelhead will benefit from

improved peak flow events, especially in dry and
ARTIFICIAL PROPAGATION OF FISH: The normal years. Late winter, early spring flow
vision for the artificial propagation of fish is thatevents will provide attraction for upstream
Nimbus Hatchery will contribute to the rebuildingmigrating adults and support downstream
of fall-run chinook salmon and steelheadmigrating juveniles. Improvedsummer-fallbase
populations without impairing the genetic identityflows are needed to maintain over-summering
of naturally spawning populations. Also,physical habitat and lower water temperatures.
minimizing the interactions of wild and hatcherySteelhead will also benefit from improved gravel
fish will contribute to reducing the potential forspawning habitat, and stream rearing habitat,
predation on and competition with the naturalespecially if summer river heating is reduced in
spawning populations, the process. Screening unscreened and poorly

screened diversions will improve young steelhead
ST~,NDIN6: The vision for stranding is to production. Limiting harvestto hatchery steelhead
implement remedial measures that will reduce thewill help to protect wild steelhead.
frequency and extent of stranding losses within
the American Basin Ecological ManagementSTaIP~:D BASS: The vision for striped bass is to
Zone. maintain healthy populations, consistent with

restoring native species, to their 1960s level of
VISIONS FOR SPECIES abundance to support a sport fishery in the Bay,

Delta, and tributary rivers. Striped bass will

CHINOOK S~LMON: The vision for chinook benefit from larger late winter, early spring flow
salmon is to recover all stocks presently listed orevents in the lower American River. The higher
proposed for listing under ESA and CESA, flow will provide upstream attraction flows and
achieve naturally spawning population levels thatimprove transport of eggs from spawning areas in

support and maintain ocean commercial and oceanthe lower American and Sacramento Rivers.

and inland recreational fisheries. Fall-run chinook
salmon will benefit from improved flows. Late~IERICAN SH~: The vision for American
winter and spring flows will provide attraction for shad is to maintain a naturally spawning

downstream migrating fall-run chinook. Summerpopulation, consistent with restoring native

and fall base flow improvements will benefit over-species, that supports a sport fishery similar to the

summering juvenile steelhead as well as upstreamfishery that existed in the 1960s and 1970s.

migrating fall-run chinook salmon. ImprovementsImproved spring flows should benefit American
in wetland, riparian, and SRA habitats; streamshad runs in the lower American River. Greater
channel and meander; and gravel recruitment willmagnitude flow events in spring will provide
also improve and fall-run chinook salmonattraction flows for adults to lower river spawning

spawning and rearing habitat. Screeningareas. Higher spring through fall base flows

unscreened and poorly screened diversions willshould improve spawning and early rearing, post-
improve young salmon production. Limiting
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I spawning adult survival, and juvenile shadin order to contribute to the overall species
survival and downstream migration, richness and diversity. Achieving this vision will

reduce the conflict between for thisprotection
SPUTTAtL: The vision for splittail is to achieve species and other beneficial uses of land and water
the recovery of this federally listed threatenedin the Bay-Delta. Protocting existing and restoring

ESA. in the riparian and additional suitable wetland and habitatsspecies. Improvements upland
stream meander corridors, wetlands, andwill be critical to achieving recovery of the giant
floodplain overflow basins will improve spawninggarter snake. The proposed restoration of aquatic,

I and early rearing habitat of splittail and otherwetland, riparian, and upland habitats in the
native resident fish species. Improved late winterAmerican Basin Ecological Unit will help in the
and early spring flows will provide attractionrecovery of these species by increasing habitat
flows for upstream migrating adult splittail fromquality and area.
the Delta, and improve transport of larvae splittail
downstream to the lower rivers and Bay-Delta. SWAINSON’S HAWK: The vision for the

i Swainson’s hawk is to contribute to the recovery
VVATr:RFOWL: The vision for waterfowl is to of this State-listedthreatened species to contribute
maintain and restore healthy populations at levelsto the overall species richness and diversity.

I that can support consumptive (e~g., hunting) andImprovements in riparian and agricultural wildlife
nonconsumptive (e.g., birdwatching) uses, throughhabitats will aid in the recovery of the Swainson’s
protection and improvement of habitats andhawk. Increased abundance and possibly some
reduction in stressors. Waterfowl will benefit fromnesting would be expected in the Delta as a result
improved riparian corridors, floodplain overflow of improved habitat.
basins, and more wetlands.

i NON-NA11V~ WARMWATER GAMERSH: The
NATn/E Rt=Slt~’=NT FISH: The vision for native vision for non-native warmwater gamefish is to
resident fish species is to maintain and restore bymaintain self-sustaining populations, consistent

i distribution and abundance of species such aswith restoring native species, in order to provide
Sacramento blackfish, hardhead, rule perch,opportunities for consumptive uses such as
Sacramento sucker, and California roach, angling.

I L~MPR~�: The vision for anadromous lamprey PLA~iT SPECIES /M~ID COMMUNITIES: The
is to maintain and restore population distributionvision for plan species and communities is to

i and abundance to higher levels than at present,protect and restore these resources in conjunction
The vision is also to better understand life historywith efforts to protect and restore wetland and
and identify factors which influence abundance,riparian and riverine aquatic habitats.

i Better knowledge of these species and restoration
would ensuretheir long-term population INTEGRATION WITHsustainability.

OTHER RESTORATIONI NEOTROPICAL MIGRATORY BIRDS: The                 PROGRAMS
vision for neotropical migratory birds is to

i maintain and increase populations throughIn restoring the stream channel and riparian
restoring habitats on which they depend, habitats, close coordination is required with

government agencies responsible for the lower

I GIANT GARTER SNAKE: The vision for the American River and American Basin. The City
giant garter snake is to contribute to the recoveryand County of Sacramento, which administers the
of this State and federally listed threatened speciesAmerican River Parkway Plan, and the Secretary

I
~ ~
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Ifor Resources and the Secretary of the Interior,lower American River to address future water
who administer the State and federal Wild andshortages, environmental degradation,
Scenic Rivers Acts, will be essential participantscontamination, threats to groundwater reliability,
in the restoration program for the lower Americanlimits to economic prosperity, and competition for
River. In addition, the Corps and the SacramentoAmerican River water. The dual Water Forum
Area Flood Control Agency are responsible for objectives are to: 1) provide a reliable and safe
ensuring the flood control capacity of the river andwater supply for the region’s economic health and
American Basin is retained, while retaining asplanned development through to the year 2030;
muchas possible the ecological resources of theand 2) preserve the fishery, wildlife, recreational,
river. Both agencies are cooperating to developand aesthetic values of the lower American River.
plans to improve habitat and flood control on the
lower river and American Basin. Important elements sponsored by the Water

Forum that will contribute to improving ecological I

The following list includes the most activehealth of the lower American River include an
in the American Basin Ecological improved pattern of fishery flow releases fromprograms

Management Zone that can contribute to restoringFolsom Reservoir and habitat mitigation. The
ecological health to the basin. Attaining theflow pattern being developed will be ’fish
visions described above for the American Riverfriendly’ and would significantly benefit fall-run 1
will require cooperative and coordinated efforts onchinook by improving river flows and ¯

the part of stakeholders and agencies withtemperatures at critical times. Changes in the
management interests in the river, operations of the water release shutters at the 1

power penstocks of Folsom Dam is anticipated to
CENTRAL VALLEY HABITAT JOINT improve water temperatures in the lower

VENTURE American River in summer and fall. In addition,
the Water Forum, in partnership with other

The Central Valley Habitat Joint Venture is amanagement agencies on the lower American
component of the North American Waterfowl River, is proposing a series of fishery studies and 1
Management Plan of the USFWS with fundingpilot projects to determine what additional
and cooperative projects of the federal, State, andoperations, modifications, and mitigation projects
private agencies. New sources of fundingshould be implemented to help restore lower 1
including CALFED restoration funds are beingAmerican River chinook salmon and steelhead
sought to implement the Joint Venture. The Jointpopulations.
Venture has adopted an implementation plan that
includes the American Basin. Objectives include AMERICAN RIVER OPERATIONS ¯
protection of wetlands through acquisition of fee- GROUP
title or conservation easements, enhancement of ¯
waterfowl habitat in wetlands and agriculturalThe American River Operations Group is
lands. The objectives and targets of the Jointcomposed of representatives of fishery agencies,
Venture have been adopted by the ERPP. water agencies, local governments, and ¯

stakeholders. The Ops Group meets regularly to
SACRAMENTO WATER FORUM identify and recommend actions involving water

operations on the American River that will ¯
The Water Forum is a diverse group of businessoptimize conditions for steelhead and chinook
and agricultural leaders, environmentalists, citizensalmon.
groups, water managers, and local governments. ¯
Together, the participants in the Water Forum
have agreed upon two co-equal objectives for the
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i
SACRAMENTO AREA FLOOD           multi-species, multi-habitat conservation program

i CONTROL AGENCY (SAFCA) to mitigate the expected loss of habitat values and
incidental take of protected species that would

SAFCA with other resource agencies and privateresult from urban development, operation of

i entities is developing a Floodway Managementirrigation and drainage systems, and agricultural
Plan (FMP)for the lower American River. A activities in the Natomas Basin. Funds are
Lower American River Task Force has beenobtained from developers to purchase habitat

i working toward developing a FMP that provides reserves and conduct studies. The HCP
protection to resources in the floodway. Theirestablishes a Natomas Basin Conservancy to cover
focus is on protection and restoration of riparianactivities associated with managing reserves,
habitat in the floodplain of the lower Americanpopulations status surveys, and general scientificI River. SAFCA is also active in protecting and covers wetlands, riparian,research.TheHCP and

restoring habitat in the Natomas Basin of theupland habitats and associated plant and animal
American Basin Ecological Management Unit.species, and does not cover aquatic habitat or fish

i Planning efforts are being conducted to improvespecies.
flood protection for the Natomas Basin. SAFCA
has developed a Natomas Area Flood Control COORDINATED RESOURCEI Project that additional MANAGEMENT PLANNINGImprovement provides AND
levee protection and surface transport of (CRMP)
floodwaters, and also addresses special status

I plant and animal species, vernal pool and wetlandCRMP established least forprogramsarebeing at
habitats, and upland and riparian habitats, the Auburn Ravine Creek watershed. Coordinated

land management and planning activities are being
I SAFCA has funded extensive work on designingundertaken between agencies and private entities

environmental features into bank protectionand MOU’s developed to focus on water quality,
projects. SAFCA and the U.S. Army Corps of fisheries improvement, and fire safe communities

I Engineers continue to develop habitatin order to promote public safety, watershed
conservation/mitigation/enhancement elements tostability, and high quality waters in Auburn
be incorporated into the levee improvement andRavine through cooperation, information

I bank protection program for the Lower American development, and education. The CRMP deals
River. These elements include design andwith erosion and sedimentation, habitat quality,
construction of multi-stage bench areas at specifichabitat loss and depletion of biodiversity, rural

I water surface elevations in order to provide littoralhomes and fire hazards, and the need to maintain
rearing habitat for salmonids, as well as increasingoverall stability of the watershed. Watershed
the habitat complexity and diversity in portions ofquality is to be improved through forest fuels

I the Lower American River. management, preventing discharge of pollutants,
sustaining fish and their habitats, and creating and

NATOMAS BASIN HABITAT sustaining diverse habitat and wildlife diversity.

i CONSERVATION PLAN (HCP) The role of the creek for conveying irrigation
water and as a flood channel are also to be

A habitat conservation plan was developed inprotected.

I 1996 to provide a practical program to promote
biological conservation along with economic CALFED BAY-DELTA PROGRAM
development and continuation of agriculture in the

I Natomas Basin, the south-west subunit of theCALFED has funded two ecosystem restoration
American Basin Ecological Management Unit.projects in the American River Basin. One project
The program outlined in the Plan establishes adeveloped a watershed plan for the American
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River. Another Restoration project plannedspawning and rearing habitat for chinook salmon.
watershed restoration actions on the Middle andFunding is also available to reduce fish passage
North Forks of the American River, Auburn and screening problems.
Ravine Creek, and Coon Creek.

A Water Management Plan is being developed to
CENTRAl. VALLEY PROJECT guide water supply development for anadromous

IMPROVEMENT ACT fish under CVPIA’s 3406(b)(2) and (b)(3)
projects. Dedicated CVP water and supplemental

The CVPIA added ’mitigation, protection and water purchased from willing sellers will be used
restoration offish and wildlife’ as a purpose of theto enhance flows for anadromous fish. Such water
Central Valley Project and required the imple-supply can be used to enhance salmon and
mentation of a program that makes all reasonablesteelhead populations in American Basin streams
efforts to increase the natural production ofand in the lower AmericanRiver.
anadromous fish in Central Valley rivers and
streams to not less that twice the average levelsSALMON, STEELHEAD TROUT AND
present from 1967-1991. ANADROMOUS FISHERIES

PROGRAM ACT
The U.S. Fish and Wildlife Service and the
Bureau of Reclamation are implementing theEstablished in 1988 by Senate Bill 2261, this Act
CVPIA which provides for restoration of habitats directs the California Department of Fish and
and species and minimization of stressors. Key’Game to implement measures to double the
elements of the CVPIA program include thenumbers of salmon and steelhead present in the
Anadromous Fish Restoration Program (USFWS Central Valley (DFG 1993, 1996). The
1995) and the Anadromous Fish ScreeningDepartment’s salmon and steelhead restoration
Program. Other elements are d.irected at spawningprogram includes cooperative efforts with local
gravel replenishment on the lower Americangovernments and private landowners to identify
River, water acquisition, and other measures thatproblem areas and to assist in obtaining funding
will contribute to restoring the health of thefor feasibility studies, environmental permitting,
Sacramento River and Sacramento-San Joaquinand project construction. Reaching the goals and
Delta Ecological Management Zones. targets developed to restore ecosystem functions

of the American River Basin and the associated
Activities with direct application to the American biotic community will require close coordination
Basin include a program to restore smallamong State, federal, and local agencies, with
tributaries to the Sacramento River. Local entitiesparticipation by water developers and
such as Resource Conservation Districts are beingstakeholders.
funded to identify problems, develop solutions,
and implement actions to address small-scale PLANNING BY CITIES AND
restoration projects on tributary streams. COUNTIES
CVPIA’s Comprehensive Assessment and
Monitoring Program (CAMP) is funding efforts to The cities of Roseville, Auburn, Lincoln, Rocklin,
provide information on the anadromous fish runsand Sacramento, and the counties of Sutter,
in tributary streams. Funding is also beingSacramento, and Placer are all involved in
provided for regional conservation planning ofplanning activities that related to ecological
watersheds in the basin that support salmon andresources and restoration in the American Basin
steelhead. Funding is also available for evaluatingEcological Management Zone. Activities include
the potential contribution of intermirtenttributarya Roseville Regional Wastewater Treatment
streams like those in the American Basin as
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Service Area Master Plan that involves collection,PROGRAMMATIC ACTION 1A: Provide target
treatment, and disposal of waste water, waterflows by modifying CVP operations and acquiring
quality, and public health. Cities and Counties ofwater as needed from willing sellers, with
the Basin are pressed with the need to conserveconsideration given to reservoir available
biological resources, habitats, and ecosystemcarryover storage and flows needed to meet needs
quality, while addressing large scale growth anddetermined by the water objectivetemperature
land use changes in the cities and counties thatdiscussed under Target 3 below.
may affect the flood capacity, water quality, and
general environmental health of the watersheds.PROGRAMIVI~TIC ACTION 1 B’- Develop and

implement a comprehensive watershed manage-

LINKAGE TO OTHER ment plan for the American Basin and lower
American River to protect the channel (e.g.,

I:=COLOGICAL maintain flood control capacity and reduce bank

MANAGEMENT ZONES erosion) and preserve and restore the riparian
corridor. Upper watershed health should be

Many of the habitats, processes, and stressorsimproved by reducing the potential for wildfire

found within this Ecological Management Zoneand implementing other watershed improvement

are similar to those foundthe Feather/Sutter, practicesto protectstreamflows,streamchannelin
Cosumnes, Delta, Yolo Basin, and Colusa Basinmorphologies, spawning gravel condition, and

Ecological Management Zones. Efforts withinriparian habitats, and minimize sediment input to

Ecological Zone should be the stream.one Management
similar to those in adjacent zones providing
connectivity where needed and cumulativePROGP~MI~O~TIC ACTION lC: Acquire water

benefits to the system, from willing sellers to augment river flow during
dry years to provide fishery benefits.

RESTORATION TARGETS TARGET 2: Minimize flow fluctuations below
AND PROGRAM MAT IC Nimbus Dam that can dewater salmonid redds and

reduce survival of juvenile anadromous fishes due
ACTIONS to stranding and/or isolation from the main

channel. (,~,).
ECOLOGICAL PROCESSES

PROGRAMMATIC ACTION 2A: Complete on-
CENTRAL VALLEY STREAMFLOWS going collaborative efforts to develop flow

ramping criteria and operationally implement
TARGET 1 : Develop and implement an these criteria to reduce adverse affect of flow
ecologically based streamflow regulation plan forfluctuations on lower American River fishery
the American Basin creeks and lower Americanresources.
River. The lower American River should meet the .
recommended minimum flows and flow targetsPROGRaMaTIC ACTION 2B: To minimize
for the lower American River (presented in Tablesdewatering of salmon and steelhead redds, flows
7 and 8). Lower American River flow events exceeding 2,500 cfs after the onset of chinook
should be coordinated with similar flows thatsalmon spawning should be maintained at least at
occur naturally in the Sacramento Valley and withthis level until April 30.
storage releases from Shasta and Oroville
Reservoirs (~’~). TARGET flows of suitable quality3: Provide

water that more closely emulate natural annual

~ cJa.=zo
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Table 7. Average Monthly Minimum Flow Targets (cfs) on the American River.

Water-Year Type
Critical                 --

Month Wet Above and Below Dry and Critical Relaxation
Normal _-

October                     2,500            2,000             1,750             800           ~--
November- 2,500 2,500 1,750 1,200
February I
March-May 4,500 3,000 2,000 1,500
June 4,500 3,000 2,000 500 ¯
July 2,500 2,500 1,500 500
August 2,500 2,000 1,000 500
September 2,500 1,500 500 500 ¯

Table 8. Average Flow Targets for 10-Day Pulse (cfs) on the American River, Coordinated with
Flows from Shasta and Oroville Reservoirs.

Water-Year Type
Month Exceptions

Wet Above and Below Dry
Normal

March 6,000-7,000 4,000-5,000 3,000-3,500 Only when
inflows are
sufficient

Late April or early Only when
May 7,000-8,000 5,000-6,000 3,500-4,000 inflows are

sufficient

and seasonal streamflow patterns in AmericanPROGR/MVIM~TICACTION 3C-" Limitdiversion
Basin watersheds (~.). of natural stream flows from American Basin

creeks into irrigation canals and ditches by
PROGRAMMATIC ACTION 3A: Enter into providing other sources of water or through
agreements with water districts and wetlandpurchase of water rights from willing sellers.
managers to provide return flows of high quality
water from irrigated agriculture and seasonal[bartOnt~d.E: Natural streamflowpatterns are
wetlands to the American Basin. important in maintaining geomorphology of

watersheds, as well as riparian and floodplain
PROGRAMMATIC ACTION 3B: Enter into vegetation along stream banks. Streamflow is
agreements with landowners and water districts toalso essential for the well being of valley wetlands
limit diversions of natural flows from creeks toand for upstream passage of adult anadromous
improve stream flows, fish, spawning, successful rearing, and

downstream migration of juveniles. In addition,
streamflows influences stream channel
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! morphology, riparian communities, and fish steelhead, and other anadromous and resident fish
habitat. Base flows and flow events will be populations below Nimbus Dam. This plan may

I by releasing water from Folsom involve presently considered by theprovided options being
Reservoir, reducing diversions from the American American River Water Forum, including diverting
River. Flood-control releases from Folsom water from near the mouth of the river or at the

I Reservoir that occur during winter and Fairbairn Water Treatment Plant, rather thanspring
months are beneficial in sustaining gravel from Nimbus Dam, or Fairbairn Water Treatment
recruitment, transport and cleaning processes. Plant to meet the needs of water users.

I Late non-flood control releases during the winter Opportunities for adjusting seasonal streamflow
and/or early-springperiod flow will be maintained and carryover storage patterns to benefit fish and
at levels events of sufficient magnitude to attract lower American River habitats, while maintaining

I and sustain adult steelhead and American shad other beneficial uses, will be explored. These
spawning runs. Moreover, spring and early opportunities may include acquiring water rights
summer flows will be maintained at levels that from willing sellers or developing supplemental

I provide sufficient physical space for improve supplies (e.g., conjunctive use and/or recycled
transport of juvenile salmon, steelhead, and shad water programs).
rearing as well as favorable downstream

I migration conditions. Both high-level flood- The target level of the flow events must be
control releases and lower base-flow releases implemented conservatively because of the
from reservoir storage during winter and spring potential impact on water supply. If a flow event

I will be managed within the operational equal to or greater than the target flow has not
constraints of the reservoir to sustain riparian taken place during uncontrolled releases from
habitats and sustain gravel recruitment, transport, Folsom Dam by March, then supplementing base

I and cleansingprocesses. Sufficient minimum flows or augmenting small, natural flow events or
reservoir spills with additional reservoir releases

flows are necessary to maintain adequate is the only means toprovide the necessaryflows.

I conditions for adult holding, spawning, egg Such releases would be allowed only if an
incubation, and juvenile rearing and migration, equivalent or greater inflow to Folsom Lake
especially because these functions must now occur occurs. Flow fluctuations within the range of
below Nimbus Dam. The target minimumflows 1,000 to 4,000 cfs can desiccate redds and
(Table 8) are consistent with historic and fluctuations withintherange of 3,0OO to 10,000
unimpaired flows for the American River in dry cfs can strand juvenile salmon and steelhead in

i and normal years that, in some years, may not pools that become isolated from the main channel.
occur under the present level of project Flow reduction criteria (ramping rates) need to be
development and operation, implemented to minimize this problem.

I Opportunity to succeed in providing optimum, March through May is the logicalperiod during
rather than minimum, flows will rely on which to provide such flow events because this is

i collaborative efforts that include stakeholder the period when natural flow events occurred
groups such as the American River Water Forum, historically in dry and normal years, and because
State and federal agencies, and local opportunities for such flow to occur naturally as
governments. Developing a long-term water a function of normal project operation would have

I management plan for the American River will passed Forecasts regarding the water-year type
meet a diversity of needs, including providing (dry or normal) would also be available by
streamflows needed to maintain ecological February or March and will be used as the basis

I processes functions; maintaining for fishery flowsand habitats; decisions that balance with
and supporting restoration of chinook salmon, water-supply needs.

I
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The March flow event would be expected to travel or gravel introductions would be beneficial to
unimpaired to the Delta because few if any enhance or increase gravel spawning habitat.
diversionsfrom the American and Sacramento
Rivers occur during March. (Note that additional PROGI~d~IMATIC A~rl’ION 1 B: Implement a
flow events are prescribed for the Feather and pilot study to assess the benefits of mechanical
Sacramento Rivers in March, which will further cleaning to improve gravel permeability.
enhance Sacramento River flows below the
confluence with the American River.) A March PROGR/M~MATIC ACTION 1 C: Develop a
flow event would also help satisfy Delta outflow collaborative program to investigate erosion,
requirements. Further, the prescribedflowevent bedload movement, sediment transport, and
in late April and early May would add to flow ¯ depositional processes and their relationship to the
events prescribed from the Mokelumne, formation of point bars and riparian regeneration
Stanislaus, Tuolumne, and Merced Rivers to the in the lower American River and American Basin
south, which together will also satisfy Delta watersheds.
outflow requirements.

~ rlONAI.E." Gravel is an essential element of
These prescribed flows cannot usurp individual spawning and rearing habitats for salmon,
water rights established subject to California law. steelhead trout, and other native fishes. Gravel
ERPP does not include any adjudication or supplies are not thought to currently limited
involuntary reallocation of water rights, salmonid production in the lower American River

but may become limiting in the near future,
Managing for appropriate seasonal flow regimes especially in the area immediately below Nimbus
in the lower American River and American Basin Dam. Some gravel is provided naturally when the
creeks will restore and sustain anadromous and river cuts into dredger tailings during high flows;
resident fish populations, help promote natural however, this input is not sufficient to maintain
channel formation processes, establish and high-quality spawning habitat for the target levels
maintain riparian vegetation, and will sustain ofnaturallyproduced fall-run chinook salmon and
numerous foodweb functions. Minimum flows also steelhead. Gravel recruitment can be
attract adult steelhead and fall-run chinook supplemented by providing additional gravel for
salmon duringfalland winter, the river to capture under its controlled flow

regime.
COARSE SEDIMENT SUPPLY

The Lower American River Technical Team
¯ T/~IGIIIT ’1 : Maintain, improve, or supplement reported that the availability of spawning habitat
gravel recruitment and natural sediment transportdoes not appear to be an immediate problem as
in the lower American River and American Basinthere are adequate amounts of appropriately sized
watersheds to maintain natural ecologicalgravel in the river; and there is a large amount of
processes linked to stream channel maintenance,gravel along the banks and in the bars of the
erosion and deposition, maintenance of fishlower American River that provide sources for
spawning areas, and the regeneration of ripariangravel recruitment.
vegetation (.~).

Simply adding gravel to the stream channel may
PROGP,~MM~TiC ACTION ’IA: Monitor not improve spawning conditions because an
spawning gravel conditions in the lower Americanimpermeable clay lens under the deposited gravel
River and American Basin watersheds, andcould limit upward percolation and, therefore,
identify specific sites where mechanical cleaningfish use for spawning., and other site-specific

habitat characteristics. Hence, the specific river
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I
location were gravel deposition occurs will habitats typical of a natural river that provide
largely dictatethe benefits tofisheryresources of salmon and steelhead spawning and rearing

I deposition gravel, habitat.

Natural sediment supply from the watershed TARGET 2: Restore natural stream meanders in

I above Folsom Dam has been eliminated. The the floodplains of American Basin creeks (,).
long-term adverse effects of this have not been
adequately investigated Lack of sediment PROGRAMMATIC ACTION 2A: Where possible

I recruitment from the upper watersheds, ranging within flood control constraints, restore natural
from fine sands to cobbles, may adversely meander belts along the lower creeks through
influence the structural characteristics of the setback of levees or removal of bank protection,

I stream channel, impair riparian and riverine or other physical structures impeding a natural
aquatic habitats, and reduce habitat complexity meander process.
required by anadromous and resident fish species.

I Investigations into these issues will provide TARGET 3: Maintain and enhance floodplain
additional insight into finer resolution of long- overflow areas in the lower American River and
term opportunities to improve the ecological floodplain of the American Basin (,,).

I health of the American River.
PROGRAMMATIC ACTION 3A: Setback levees

The sediment regimes of American Basin creeks in the floodplains of creeks and canals of the

I have not been investigated However, because American Basin.
these streams do not have dams on them, natural
sediment supplies are probably available. The PROGRAMMATIC ACTION 3B: Protect existing

I condition of the watershed andspawning habitats overflow areas from future reclamation.
in the upper watersheds of Coon Creek, Auburn
Ravine, and Dry Creek shouM be investigated PROGRAMMATIC ACTION 3C: Develop

I floodway detention basins in the floodplains of the
NATURAL FLOODPLAIN AND American Basin to temporarily store floodwaters.

FLOOD PROCESSES

i PROGRAMMATIC ACTION 3D: Enter into
TARGET 1 : Maintain the existing streamagreements with willing landowners and irrigation
meander configuration along the American Riverdistricts to set back levees and allow floodplain
between Nimbus Dam and the Sacramento Riverprocesses such as stream meander belts.

I       (.1.
PROGRAMMATIC ACTION 3E: Expand

PROGRAMMATIC ACTION 1A: Maintain a existing floodplain overflow basins by obtaining
I stream meander configuration along the lowereasements of titles from willing sellers of

American River by working with involved parties floodplain lands.

I to develop a floodplain management program
consistent with flood control needs. These partiesPROGRAMMATIC ACTION 31=: Reduce or
include the Corps, the California Reclamationeliminate gravel mining from active stream
Board, the Sacramento Area Flood Control channels.

I Agency, the Lower American River Task Force,
and the American River Water Forum. FbartON, ad~: Natural river floodplain processes

permit natural stream-channel development that

I PROGRAMMATIC ACTION 1B: Where supportsfor riparian vegetationand provides
possible, maintain mainstem and side channelspawning and rearing habitat for chinook salmon

I
~ ~
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and steelhead. Natural stream processes in CENTR/~ VALLL~ STRE/MV!
alluvial systems transport and deposit sediments; TEMPERATU RES
provide transient habitats important to algae,
aquatic invertebrates, and fish; and provide TARG~=T "1 : Maintain lower American River
surfaces colonized by natural vegetation that water temperatures in the spawning and rearing
support wildlife. Overbank flooding is an reach between Arden Bar and Nimbus Dam at or
important regenerative process needed to below 60°F beginning as early in October as
maintain riparian forests and woodlands. In possible, based on annual coldwater pool
addition, much of the nutrient input is derived availability and maintain water temperatures in the
from infrequent overbank flooding of the upper portion of the reach between Nimbus Dam
riparian/floodplainzone. Opportunities torestore and Sunrise Bridge below 65°F from spring
floodplains and flood processes along the lower through fall (,~,).
American River are constrained by the flood
control requirements provided by Folsom Dam PROGR/MVIMATIC ACTION 1A: Optimally
and the levee system throughout in the lower river manage Folsom Reservoir’s coldwater pool via
reach. Adaptive management including focused real-time operation of the water-release shutters to
research and monitoring will be important provide the maximum equitable thermal benefits
elements to guide the level to which floodplain to lower American River steelhead and chinook
processes can be maintained and restored in the salmon throughout the year, within the constraints
lower American River. These processes are of reservoir coldwater pool availability.
closely linked to maintaining and restoring the
riparian corridor which supports a variety of PROGRAMMATIC ACTION l a: Reconfigure
aquatic and terrestrial species. Folsom Dam shutters to improve management of

Folsom Reservoir’s coldwater pool and maintain
Remnant effects of devastating dredger mining better control over the temperature of water
along the American River also hinder natural released downstream.
stream-channel processes. Because of these
constraints, artificial means are necessary to PROGRAMMATIC ACTION lC: Install a
maintain natural stream-channel processes that temperature control device on the municipal water
will provide the habitats needed by salmon and intakes at Folsom Dam.
steelhead normally created by these processes.

PRO~~Tle ACTION 1 t~: Investigate
In the American Basin project levees channel opportunities to improve the manner in which the
flows in lower creeks into the NCC and NEMDC, water-release shutters at Folsom Dam are
which carry floodwaters to the Sacramento River. physically installed, removed, and maintained
Levees along the lower creeks typically fail to annually, as well as opportunities to improve their
hold back water as water backs up at the efficiency in releasing water from desired
Sacramento River. Widening the floodplain and elevations.
setting back levees along the NCC, NEMDC, and
lower creeks provides more flood carrying PROG~t"d~IMATIC ACTION ~ t=: Evaluate the
capacity and a more natural floodplain process potential for creating side-channels thermal
that wouM promote riparian and wetland habitat refuges for juvenile steelhead rearing over-
development, summer in the lower American River. Such

habitat could provide habitat slightly cooler than
peak daytime river temperatures.
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PROGRAMMATIC ACTION 1 F: Evaluate juvenile steelhead," and (2) reduce average annual
options to reduce releases of warmer surfaceearly life stage losses of chinook salmon caused
waters of Lake Natomas through the turbines atby elevated Lower American River water
Nimbus Dam into the lower American River.temperature during September, October, and
Options may include a temperature curtain in theNovember.
lake near the turbine intakes. Operations of
Nimbus Dam during occasional spill eventsImproved operation of the water-releaseshutters
should also be evaluated to minimize the releaseconfiguration at Folsom Dam can reduce the
of warm surface waters from Lake Natomas. temperature of water released into the lower

American River. lmproved temperatures of water
PROGRAMMATIC A~’I’ION 1 H: Provide a more released from Folsom Dam and improved channel
direct supply of colder water to Nimbus Hatchery. habitats are needed to provide adequate over-

summer rearing habitat for juvenile steelhead
TARGET 2: Maintain a daily average water Releases from Folsom Reservoir’s coldwaterpool
temperature below 65°F from June 1 throughare also required to provide adequate spawning
September 30 in the lower American Rivertemperatures for fall-run chinook salmon in
between Nimbus Dam and Watt Avenue and inOctober and November. However, the low end-of-
the upper portions of Coon Creek, Duty Creek, year storage levels allowed in Folsom Reservoir
Auburn Ravine, Miners Ravine, and Secret Ravinecurrently for flood-control purposes will make
in the American Basin (~.). temperature control for salmon spawning difficult

in late summer and early fall of most water-years.
PROGFI,a, MIVI~TIC ACTION 2A: Evaluate means
of maintaining cool water temperatures asWhile managing the cold-water pool in Folsom
necessary in upper watersheds of Coon Creek,Lake is a priority for maintaining cool water
Auburn Ravine, and Dry Creek, including suchtemperatures in the lower American River, lessor
measures as pumping ground water, enhancingbut significant benefits can also attained by
riparian vegetation, reducing drainage inputs ofmanaging releases from Nimbus Dam. Surface
warm water from agriculture and urban runoff,waters (top several feet) of Lake Natomas can
and supplementing creek flows with diversions ofheat up to 5 to l O°F from late spring through early
waters from the Bear and American River Basins.fall. Water released into the lower American

couM be I to 2°F lower if warmer surface waters
I:~t rtot!t,a,t.~: SAFCA used an iterative modeling were not included in releases. Because summer
approach to develop a monthly target release temperatures ofien reach near or above 65°F, I to
temperature regime on the Lower American River 2°F additional heating is significant. On rare
(as part of the DEIR/EIS for P.L. 101-514 CVP occasions when water from Lake Natomas spills
Water Supply Contracts). This effort developed a from the spillways rather than coming from the
monthly target release temperature regime that turbines, an even greater proportion of warmer
mitigated project-related potential water surface waters from the lake can be released to
temperature impacts of steelhead and also reduces the river.
average annual early life stage mortality for
chinook salmon. Modeling analyses revealed that Installing a temperature control device at the
managing Folsom Reservoir’s coldwater pool in municipal water supply intake, which is the lowest

manner (1)provide water at Dam, water fromthis alternative would: outlet Folsom wouldallow

temperatures during the July through September higher elevations of the reservoir to be diverted
period that would be lower than those realized for municipal purposes, which would preserve the
under the Base Case condition, thereby providing reservoir’s cold water pool for releases to the
more favorable conditions for over-summering lower American River. The device, which is
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estimate to costabout$3 million, was authorized Valley Habitat Joint Venture and the North
by Congress in 1998, but funding was not American Waterfowl Management Plan (~.).
appropriated.

PROGRAMMATIC ACTION 1 A: Protect 2,000
The Nimbus Hatchery water supply does not acres of existing wetland habitat through fee
provide sufficiently cool water at times during the acquisition and perpetual conservation easements.
summer months, and this creates disease problems
for steelhead in the hatchery. On occasion, water PROGRAMMATIC ACTION 1 B: Enhance 3,150
temperatures are so high that all fish must be acres of existing wetlands.
removed from the hatchery and transported to
nearby hatcheries for rearing. Hatchery RATIONALE: Seasonal wetlands habitats include
temperature requirements can also conflict with rice fields and vernal pools, both of which are
Folsom Reservoir cold water pool management prevalent in the American Basin. Seasonal
for in-river salmonids. When cool water is wetland habitats provide unique micro habitat
released for the hatchery, it requires that the conditions that are utilized by fish for spawning
entire amount being released to the river be at the and rearing, provide nesting and feeding habitat
desired hatchery temperature even though the for waterfowl and wading birds, and provide
hatchery uses a very small portion of the flow. otters and other mammals with suitable mating,
This can exhaust the cold water pool before the feeding, and rearing habitats. Wetland/slough
end of the summer, habitats increase the overall complexity of the

aquatic environment, thereby supporting more
The upper watersheds of the American Basin have diverse foodwebs and more diverse fish and
historically provided sufficiently cool water to wildlife communities. Expansion of seasonal
sustain naturally    produced    rainbow wetlands is important in the Central Valley and
trout/steelhead through the summers. Protecting American Basin, because much of such habitat
and enhancing remaining cool water habitat is an has been lost to land reclamation for agriculture
essential element of restoring steelhead to these and urban development.
watersheds.

RIPARIAN AND RIVERINE AQUATIC
To some degree, high water temperatures in HABITAT
summer and fall in the lower American River are
natural; in part, they are a consequence of T,a~GET 1 : Establish and/or maintain a
impaired stream-channel configurations that do sustainable continuous, sustainable corridor of
not provide shaded side channels with cool riparian habitat along the lower American River
groundwater flows. Coldwater releases from the and American Basin creeks (,~).
dams and improved channel habitats are needed
to provide adequate over-summer rearing habitat PROGR/M~M~TIC ACTION 1A: Develop
for juvenile steelhead, riparian corridor restoration and management

plans for the American Basin and lower American
HABITATS River.

SEASONAL WETLAND HABITAT PROGRAMMATIC ACTION 1 B: Protect riparian
habitat along water courses of the American

TARGET 1 : Protect and enhance 5,150 acres of Basin.

seasonal wetland habitat acreage in the American
Basin consistent with the objectives of the Central PROGRAMMATIC ACTION 1 C: Plant riparian

vegetation along water courses of the American
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Basin. FRESHWATER FISH HABITAT AND
ESSENTIAL FISH HABITAT

PROGRAMMATIC ACTION 1 D: Reduce land
use practices such as livestock grazing and TARGET 1: Maintain and improve existing
watering along stream channels of the American freshwater fish habitat and essential fish habitat

through the integration of actions described forBasinthatcausedegradationof riparianhabitat.

ecological processes, habitats, and stressor
T,m-’tGET 2." Enhance shaded riverine aquatic reduction or elimination.
habitat in American Basin creeks and drainage
canals and ditches and along the lower American PROGRAMMATIC ACTIONS: No additional
River (.~). programmatic actions are recommended.

PROGR~MMATICACTION2A: Terminate or RATIONALE: Freshwater fish habitat and
modify current programs that remove woody essential fish habitat are evaluated in terms of
debris from the river and creek channels, their quality and Actions described forquantity.

American River Basin Ecological Zone ecological
PROGRAMMATIC ACTION 2B: Restore side- processes, stressor reduction, and riparian and
channels along the lower American River to riverine aquatic habitat should suffice to maintain
provide additional riparian corridors for increasing and restore freshwater fish habitats. For example,
fish and wildlife habitat, maintaining freshwater and essential fish habitats

is governed by actions to maintain streamflow,
PROGRAMMATIC ACTION 2C: Improve levee improve coarse sediment supplies, maintain
management practices to protect and enhance stream meander, maintain or restore connectivity
riparian and SRA habitat, of streams in this zone and their floodplains, and

in maintaining and restoring riparian and riverine
I~ rtotlmt.~: Many species of wildlife, including aquatic habitats.
several species listed as threatened or endangered
under the State and federal Endangered Species PERENNIAL GRASSLANDS
Acts and several special-status plant species in the
Central Valley, are dependent on or closely TARGET 1 : Restore perennial grasses in the
associated withriparian habitats. These habitats American Basin Ecological Management Unit
support a greater diversity of wildlife species than associated with existing or proposed wetlands (~).
all other habitat types in California. Degradation
and loss of riparian habitat have substantially PROGR/M~MATIC ACTION 1A: Develop a
reduced the habitat area available for associated cooperative program to restore perennial
wildlife species. In addition, loss of this habitat grasslands by acquiring conservation easements or
has reduced water storage and has altered purchasing land from willing sellers.
nutrient cycling, and foodweb support functions.

RA TiOhlALE: Restoring wetland, riparian, and
Controlled flows, lack of gravel recruitment, adjacent upland habitats in association with
stream-channel confinement by the flood control aquatic habitats is an essential element of the
system, and remnant dredger tailings limit the restoration strategy for this Ecological
possible extent of a natural riparian corridor Management Zone. Eliminating fragmentation
along the lower American River. Constructing and restoring connectivity will enhance habitat
and maintaining restored riparian habitats would conditions for special-status species.
improve the habitat needed by fish and wildlife
dependent upon the river ecosystem.
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AGRICULTURAL LANDS Coon Creek, and Auburn Ravine that operate
during times when salmon and steelhead juveniles

TARGET 1 : Restore and maintain migrationwould be present.
corridors (~).

R~TlON.a.t.~: Diversion, storage, and release of
PROGR~d~IM~TIC A~FION 1 A: Purchase land water directly affect fish, aquatic organisms, and
or conservation easements from willing sellers onnutrient levels in the system and indirectly affect
which to restore wildlife habitat to connecthabitat, foodwebproductivity, and theabundance
existing grassland or agricultural wildlife habitat,and distribution of species. Diversions cause

consumptive loss of water, nutrients, sediment,
FbarlON.ad~:Corridors ofhabitat are necessary and organisms juvenile anadromous fishes of
between larger habitat areas to ensure potential management concern. Hence, reducing such
recovery of giant garter snake and other wildlife, losses will contribute to increasing anadromous

fish populations of the Central Valley.
TARGET 2-" Enhance 20,948 acres of private
agricultural land to better support nesting and LEVEES, BRIDGES, AND BANK
wintering waterfowl consistent with the objectives PROTECTION
of the Central Valley Habitat Joint Venture and
the North American Waterfowl Management Plan TARGET 1 ." Reduce the adverse affect of levees
(~). and bank protection on aquatic and terrestrial

species and their habitats along the lower
PROGRAMMATIC ACTION 2A: Develop American River and American Basin canals and
cooperative programs with farmers to conductcreeks (~).
wildlife friendly practices.

PROGRAMMATIC ACTION 1A: Identify
P,~TIOttOal.E: Waterfowl and wildlife using locations in the lower American River and
wetlands and aquatic habitats depend on American Basin creeks and canals where existing
adjoining agricultural lands for foraging and revetments could be modified to incorporate
cover, habitat features such as scalloped embayments and

associated hard points, multi-stage bench areas,
STRESSORS SRA habitat, and other features to aid in

preservation and/or reestablishment of both berm

WATER DIVERSIONS and bank vegetation.

TARGET 1 : Reduce losses of juvenile salmonI~tTlON, aJ.E: Riprap reduces the ability of
and steelhead in the lower American River andvegetation to colonize river banks and, thereby
American Basin creeks due to entrainment atreduces shading of river waters, decreases insect
water intakes structures (~). production and availability to fishes, reduces

habitat complexity and diversity, and reduces
PROG~a, MMA’rle ACTION 1A: Upgrade the instream cover.
fish screens at the Fairbairn Water Treatment
Plant to comply with DFG and NMFS fish INVASIVE RIPARIAN/~d~iD MARSH
screening criteria. PLANT SPECIES

PROGRAMMATIC Ab-~i’ION 1 B: Screen T/~IGLri" 1 : Reduce populations of invasive non- ¯
diversions from the NCC, NEMDC, Dry Creek, native plant species that compete with the |

establishment and succession of native riparian
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vegetation along the American River. This willprogram for lower American River chinook
help to reestablish native riparian vegetation insalmon.
floodplains, increase SRA cover for fish, and
increase habitat values for riparian-associatedi:ba~ot~4t_E: Restoring and maintaining popula-
wildlife (,,~’). tions of chinook salmon and, steelhead, and

American shad to levels that make full use of
PROGRAMMATIC ACTION 1A: Develop a habitat may require restrictions on harvest during
cooperative program to monitor the distributionand after the recovery period Involving the
and abundance of non-native plants and developvarious stakeholder organizations in the planning
cooperative control programs as needed, process should help to ensure a balanced and fair

allocation of harvest. Target population levels
RATIONALE." Non-native plant species, such as may require that levels of harvest of naturally
false bamboo, salt cedar, eucalyptus, water produced fish be reduced For populations
hyacinth, and pepperweed, can undermine supplemented with hatchery-produced fish,
riparian habitat value to fish and wildlife, as well selective harvesting may be necessary to limit the
as the natural plant succession that contributes to harvest of wild fish while harvesting hatchery-
the physical character of the riparian corridors, produced fish at a level that will reduce their
Arundo has become established in the American potential to disrupt the genetic integrity of wild
River floodway and can seriously alter ecological populations.
processes by inducing greater deposition of
sediments, increasing evapotranspiration, and AI~RTIFICl/M_ PROPAGATION OF FISH
altering soil chemistry. Arundo has little value for
native species of wildlife and outcompetes native TARGet 1 -" Evaluate hatchery production and
riparian plant species, stocking practices at the Nimbus ’and Feather

River Hatcheries that affect American Basin
HARVEST OF FISH AND WILDLIFE creeks and the lower American River to reduce the

proportion of returning, hatchery-origin chinook
TARGET 1 : Develop harvest managementsalmon and steelhead that stray into non-natal
strategies for Central Valley chinook salmon andstreams (,~).
steelhead populations that allow populations of
naturally spawned fish to attain levels that fullyPROGRAMMATIC ACTION 1A: Develop a
use existing and restored habitat (,~,I~). cooperative program to evaluate the benefits of

stocking hatchery-reared salmon and steelhead in
PROGRAMMATIC ACTION 1 A: Control illegal American Basin creeks and in the lower American
harvest of chinook salmon and steelhead byRiver.
increasing enforcement efforts.

TARGET 2: Limit hatchery stocking if
PROGI~d~II~IATIC ACTION 1B: Develop populations of salmon or steelhead can be
harvest manfigement plans for chinook salmon andsustained by natural production (~,).
steelhead with commercial and recreational
fishery organizations, resource managementPFIOGFOM~IM~TIC AG-~’ION ~,: Augment
agencies, and other stakeholders to meet targetpopulations of fall-run chinook salmon and
escapement and production goals for the lowersteelhead only when alternative measures are
American River and American Basin creeks, insufficient to permit natural recovery of the

populations.
PROGRAMMATIC ACTION lC: Evaluatethe
efficacy of a marking and selective harvest
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TAR6ET 3: Minimize further threats of fisheries. Stocking salmon and steelhead may also
hatchery-reared fish contaminating wild stocks ofbe necessary on American Basin creeks to build
chinook salmon and steelhead (.~). runs to self-sustaining levels and to maintain the

runs through adverse conditions such as may
PROGR/M~I~,TIC ACTION 3A: Adopt methods occur during droughts.
for selecting spawning adults for the hatchery
production from an appropriate cross section ofNimbus Hatchery steelhead and naturally
the returning adult population available to thespawning fish in the American River exhibit
hatchery, genetic affinity to populations from the Eel River

(NMFS 1997), reflecting the origin of this
PROGRAMMATIC ACTION 3B: Develop a broodstock (McEwan and Nelson 1991). This
collaborative program to coded-wire tag a stock hasalsobeenintroducedtotheMokelumne
representative proportion of all fall-run chinookRiver via the Mokelumne River Fish Installation.
salmon produced at the Nimbus Hatchery fall-runThefeasibiliO~ and desirability ofphasing-out the
chinook salmon. Nimbus strain in favor of a stock more genetically

similar to the native Central Valley stock should
PROGI~d~II~a, TIC ACTION 3C-" Investigate be investigated. The Central Valley Steelhead
replacing the Nimbus steelhead broodstock withComprehensive Genetic Evaluation shouldbe able
the most genetically appropriate steelhead stock,to identify the most genetically appropriate stock
This could be a native residualized rainbow troutto culture at Nimbus Hatchery, if one exists.
isolated above Folsom Dam (if one exists) or
another putative native steelhead stock fromTraditional hatchery stocking programs are
within the Central Valley. detrimental to the recovery of native stocks due to

genetic dilution, straying diseases, increased
RA T/ONAL£: In watersheds such as American anglingpressure, and direct competition. Changes
Basin creeks and the American River where dams made to traditional hatchery procedures can
and habitat degradation, as well as extreme result in hatcheries becoming a tool to rebuild
natural conditions have limited natural spawning, native stocks rather than one that degrades them.

hatchery supplementation may be necessary to Decreasing the number of hatchery propagated
sustain fishery harvest at former levels and to fish in the LowerAmerican River may increase the
maintain a naturally spawning population during opportunity for native stock recovery. However,
droughts. Hatchery augmentation, however, clear restoration goals for the Lower American
should be limited to avoid inhibitingrecovery and River must be developed before the efficacy of
maintenance of wild populations. Hatchery- such an action can be addressed.
reared salmon and steelhead may directly
compete with and prey on wild salmon and Potential changes at the Nimbus Fish Hatchery
steelhead. Hatchery-reared fish may also that couM benefit the river "s native stock include:
threaten the genetic integrity of wild stocks by (1) use of all available broodstock, including
interbreeding with the wild fish. Although grilse, to increase genetic diversity of propagated
irreversible contamination of the genetic integrity fish. The practice of discarding broodstock under
of wild stocks has occurred, additional protective some arbitrary minimum length simple reduced
measures are necessary to minimize further the geneticdiversityofhatcherypropagatedfish,
genetic degradation and recovery of wild stocks, and thus should be discontinued," (2) The
Because of the extent of development on the emphasis must be placed on quality, not
American River, stocking of chinook salmon and necessarily the quantity of hatchery production.
steelhead may be necessary to rebuild and This potentially means improving water quality
maintain stocks to sustain sport and commercial and reducing densities offish to create conditions
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lvss likely to be conducive to development and ItlATtOIllALE: Reducing the inputs of
proliferation of disease; (3) Nimbus Fish contaminants into waterways from the lands with
Hatchery shouM consider treating their effluent the greatest inputs would provide significant
waters to further guard against the introduction of improvement in water quality in streams and
new diseases which may impact native stocks. As wetlands, as well as the Sacramento River and
recommended in the Steelhead Restoration Plan Bay-Delta.
for the lower American River, the Nimbus Fish
Hatchery should continue to improve and ~TRANDING
implement management practices by taking early
migrant and late migrant fish for spawning, and TARGET 1 : Reduce or eliminate the stranding of
randomly selecting egg lots that are to be raised juvenile chinook salmon on floodplains, shallow
to yearling size. ponds, and levee borrow areas.

Annual hatchery operations and release strategies PROGR/M~MATIC ACTION 1 A: Conduct
presently trucking surveys of stranding in the American River underinclude chinooksalmonsmolts
to release sites in the western Delta. This practice a range of flow conditions and develop
was implemented due to the high loss of juvenile recommendations to resolve the problem.
salmon released in the American River they
migrated down the Sacramento River and through PROGP,/M~IIVI~a,TIC A~’i’ION 1 ta: Conduct
the Delta. A long-term goal is to reduce the need surveys of stranding in the Natomas area under a
to truck chinook salmon by increasing their inland of flow conditions and developrange
survival. This will accomplished by restoration recommendations to resolve the problem.
actions proposed for the American River,
Sacramento River, and Sacramento-San doaquin PROGP, dld~IlVL~TIC A~’I’ION 1 C-" Develop a
Delta Ecological Management Zones, and by protocol for ramping flow reductions so that flows
developing and constructing alternative water do not recede so quickly that juvenile fish become
conveyance facilities in the Delta. isolated and stranded in side-channels in large

numbers. Identify threshold flows that define
CONTAMIN/~ITS conditions of allowable flow fluctuations.

T~GL=’i" 1 : Reduce the application of herbicides, Igu~rlONAl~: Under some flow conditions,
pesticides, fumigants, and other agents toxic tostranding is likely a minimalproblem. However,
fish and wildlife on agricultural lands that haveunder conditions in which rivers reach high flows
the greatest risk to fish and wildlife populationsand water is diverted into the flood bypasses or
(~). spills onto the floodplain, and then quickly

recedes, stranding is a serious problem. Stranding
PROGFMM~M~TIC ACTION 1A: Enter into ofjuvenile fish has been a significantproblem on
conservation easements with willing landownersthe lower American River in the past, and has
to modify agricultural practices in ways to reduceresulted in significant losses of salmon and
loads and concentrations of contaminants, steelhead. Timing also plays a important role in

determining the severity of the problem for
PROGRAMMATIC ACTION 1 B: Provide chinook salmon, floodplain inundation prior to
incentives to landowners to modify agricultural oryoung salmon emerging is less of a problem that
other land use practices that contribute to the inputinundation after most of the fry have emerged.
of contaminants into waterways. Juvenile steelhead are present year-round,

however, so fish are subject to isolating flows at
all times of the year.
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YOLO BASIN ECOLOGICAL
MANAGEMENT ZONE

the Yolo Bypass provides valuable spawning
habitat for native resident fish, including splittail.

DESCRIPTION OF THE

MANAGEMENT ZONE

The Yolo Basin Ecological Management Zone
encompasses the southwest portion of the
Sacramento Valley adjacent to the Delta. It
includes the following Ecological Management

Photo © California Department of Water Resources Units:

INTRODUCTION " Cache Creek
= Putah Creek
¯ Solano

The health of the Sacramento-San Joaquin Deltā Willow Slough
depends on the health of its distinct watersheds.
As with watersheds throughout California,
ecological processes within the Yolo Basin ~" ~\ ~.    --
Ecological Management Zone have been disrupted ~ [~
during the past century. Due to tenuous
hydrological connections, this zone has
historically made only marginal contributions to
anadromous fish populations. As a result, the
major focus in this zone is to increase the health of ...
its important ecological processes, habitats, and
fish, wildlife, and plant populations and make
substantial contributions to the health of the Delta.

Location Map of the Yolo Basin Ecological Management Zone
The Yolo Basin Ecological Management Zone and Units.
provides diverse habitats for a wide variety of
fish, wildlife, and plant communities, primarilyPortions of the Yolo Basin Ecological
native resident (nonmigratory) fishes, riparianManagement Zone are extensively developed for
c0mmunities’seas°nallyandpermanentlyfl°°dedurban and agricultural land uses. The basin
wetlands, wildlife, waterfowl, and occasionally

includes the cities of Vacaville, West Sacramento,fall-run chinook salmon and possibly steelheadWoodland, Winters, and Davis. It also includes
Irout. The portion of the Yolo Bypass north of the the northern end of the Yolo Bypass at the mouth
Interstate 80 causeway is included in this zone and

of Cache Creek, between the Fremont weir andis an important migratory route during wet yearsInterstate 80, and the Sacramento Bypass between
for downstream migrant chinook salmon,the Sacramento River and the Yolo Bypass.
steelhead, and other native and anadromous
originating from up stream areas. When flooded,
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The Cache Creek Ecological Management Unit, atDelta. Opportunities to restore these anadromous
the northern end of the Yolo Basin Ecologicalfish populations should not be overlooked.
Management Zone, encompasses the lower valley
watershed of Cache Creek (downstream of CapayImportant habitats within the ¥olo Basin
Dam near Esparto) and the northern end of theEcological Management Zone include stream and
¥olo Bypass. The Putah Creek Ecologicalslough channels for fish migration and holding,
Management Unit is in the central portion of thespawning, and nursery habitats. Seasonally
zone, encompassing the Putah Creek watershedflooded wetlands are prevalent throughout the
downstream of Monticello Dam (near Winters). lower basin, and these are important habitat areas
The Solano Ecological Management Unit includesfor waterfowl, shorebird, and wading bird guilds.
the nontidal watershed of the Cache-LindseyRiparian corridors along basin creeks and sloughs
Slough complex of the North Delta Ecologicalare important habitat areas and migration corridors
Management Unit and the Montezuma Hills. for wildlife and waterfowl.

Important ecological processes within the YoloNotable stressors to ecological functions,
Basin Ecological Management Zone includeprocesses, habitats, and species in this Ecological
streamflow, stream erosion, and.natural sedimentManagement Zone are:
supply. The most valuable habitats are riparian
and riverine aquatic. Although restoration efforts= water diversions and past gravel mining in the
within the Ecological Management Units have streams,
improved portions of the riparian corridors, many
specific improvements are needed to more fully

¯ insufficient available flow to maintain a

restore ecological health throughout the entire continuous riparian corridor,

Ecological Management Zone. The greatest needs̄ mercury contamination from natural and
are to maintain processes more closely linked to previously mined sources that is taken up
the natural streamflow regime and to restore through the aquatic food chain, and
connectivity to the Yolo Basin and Delta.
Developing additional sources of water to improve

¯ poor quality agricultural tailwater entering the

low flow conditions and restoring riparian and Yolo Bypass canals and sloughs.

stream channel corridors will improve the
ecological health of the lower basin watersheds.The prevalence of non-native plant species (e.g.,

Restoring upper watersheds by reducing foresttamarisk, giant reed, eucalyptus, and water

fuels, improving oak woodland, forest, and
hyacinth) is a major factor limiting the quality and
extent of riparian and riverine aquatic habitats,rangelandmanagement,andreducingsourcesof

bioavailable mercury will help ensure that a clean
especially in areas adversely affected by past

water supply is available in the basin,
gravel mining, flood scour, and low streamflow.

Historically, fall-run chinook salmon, steelheadLIST OF SPECIES TO BENEFIT FROM

trout, many native resident fish species, RESTOI~I~TION ACTIONS IN THE
waterfowl, shorebirds and wading birds, and YOLO BASIN ECOLOGIC/M.
riparian wildlife were abundant in areas within the M/M~IAGEMENT ZONE
basin. Agricultural and urban development,
recreation, infrastructure, mining, and flood̄ chinook salmon
conlyol projects have eliminated much of the fish̄ steelhead
and wildlife habitat. Salmon and steelhead̄ native residentfishes
migrations within the creeks are now limited tō plants and plant communities.
high flow events, when there is connectivity to the
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I~)ESCRIPTIONS OF time to recover naturally. In other areas, deep

ECOLOGICAL MANAGEMENT
gravel deposits and low water tables inhibit the
establishment of a sustained low-flow channel.

U NITS Another major barrier to upstream fish migration
is the recently enlarged outlet spillway of the

CACHE CREEK ECOLOGICAL Cache Creek Settling Basin. Levees confine the
MANAGEMENT UNIT stream channel in the lower 8 miles of Cache

Creek. These levees define a wide basin at the
Cache Creek has a watershed of about 1,300lower end and act as a sediment trap to preserve
square miles and flows out of the coastalthe floodcapacityoftheYoloBypass. Thelevees
mountains to enter the Sacramento Valley floorwere raised 12 feet in 1993 to provide an
near Esparto. Cache Creek enters the Yolo Bypassadditional 50 years of sediment capacity. Flows
at Cache Creek settling basin (a reclaimed tulenear the town of Yolo are very low during
marsh-seasonal lake area) and then flows southsummer and fall of most years, however Cache
into the Delta through the Conway Canal, TuleCreek has a flashy but intermittent natural
Canal, lower Cache Creek and other small sloughshydrograph.
in the bypass. Most of the flow is diverted in the
spring and summer for irrigation. High winter andCache Creek has a natural flow pattern of high
early spring flows move south through the floodedwinter, moderate spring, and low summer-fall
Yolo Bypass or connecting sloughs to enter theflows, typical of many western Sacramento Valley
Delta through Cache Slough which then flows tostreams that originate from chaparral and oak
the Sacramento River north of Rio Vista. studded foothills rather than higher snow-laden

mountains. Portions of the stream are dry during
Cache Creek drains the Clear Lake, North Fork, summer and fall months, except for small sections
and Bear Creek basins on the east side of theupstream of Woodland receiving groundwater.
Coast Ranges. The water levels at Clear Lake andInflows to the lower basin at Rumsey in wettest
Indian Valley Reservoir are regulated foryears have averaged 5,000 to 10,000 cubic feet
downstream irrigation diversions with a dam andper second (cfs) in winter months and 300 to 700
gates constructed in 1915 and 1978, respectively,cfs in summer months. There was a flood peak of
A powerhouse was added in 1985. The watershed58,000 cfs in 1995. In driest years, flows may be
upstream of Clear Lake is about 530 square miles,near 0 cfs the entire year.
and the usable storage is about 300,000 acre-feet.
Downstream of Clear Lake Dam is the 30-mile

~

Cache Creek Canyon. The North Fork Cache HistoricalMonthly Average Flow

Creek meets Cache Creek 8 miles downstream of ~
Clear Lake Dam and is regulated by Indian Valley 1400 - ~~ J./I I ,         ~
Dam, located 8 miles upstream of Cache Creek,

= looo12°° -i~I-with a watershed of 120 square miles and a
"~ 8°°-I~ ~1~capacity of 300,000 acre-feet. Cache Creek enters ~ 600 -I’/~l~

the valley floodplain at Capay Dam near Esparto, ~- ,o0 I ~
18 miles upstream of the mouth. 200 -[ ~

No minimum flow requirements have been set for J ~ M A u J ~ A s o N o
Cache Creek below Capay Dam. In some places [] NormalYear [] Dry Year
between Capay Dam and the Yolo Bypass, the

Cache Creek Streamflow from Upper Basin at Rumsey, 1962-
creek flows through areas where gravel mining 1992 (Dry year is the 20th percentile year, normal year is the
has recently occurred, but which have not yet had 50th percentile of median year.)
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Low flows are further reduced by year-round Improving streamflows, gravel spawning, and
diversions. The stream in the valley floorriparian habitats and providing permanent
downstream of Capay Dam is often dry duringconnections between the mouth of the creek and
summer and fall months. In dry years, averagethe Delta would only marginally help to increase
monthly winter flows peaked at 30 to 100 cfs. steelhead trout and fall-run chinook salmon
Unimpaired flows during March in dry years arepopulations. Although Cache Creek can make
reduced from an average of 650 to 60 cfs byminor contributions to fall-run chinook salmon
diversions. Unimpaired flows during May arepopulations in some years, significant resources
reduced from 260 to 0 cfs. In normal rainfall would be required to provide the necessary
years, May flows are reduced from 590 to 10 cfs. holding, spawning, rearing, and migration habitat.
Because of barriers, fall-run chinook salmon andHowever, steelhead populations, unlike chinook
steelhead are believed to have migrated up Cachesalmon, can exist in streams that have infrequent
Creek and only on an infrequent basis. Anecdotalconnectivity to the ocean. The variable life-history
historic evidence suggests that in wet years, whenofsteelhead/rainbow trout populations allow them
flows in Yolo Bypass and Cache Creek are high,to persist in the mid- to high-elevation stream
some fish may have reached the spawning gravelsreaches indefinitely if there are suitable habitat
of lower Cache Creek from the Delta. In dry conditions, despite the loss of connectivity to the
years, no passable connection exists for salmonocean. Although these sub-populations may be
and steelhead between the Delta and the mouth ofsmall, they are important to the persistence of the
Cache Creek. Fish passage may also impaired atbasin-wide population as a whole and contribute
the Cache Creek settling basin spillway andto the overall population viability when access is
headworks, restored in wet years (IEP Steelhead Project Work

Team 1999), and should not be overlooked.
Potentially, juvenile salmon and steelhead
produced in wetter years may be lost during theThe riparian corridor must be improved
spring when Yolo Bypass flows cease andsignificantly in several areas; some areas have
juvenile salmon become trapped in the creek orbeen denuded and will require a more intensive
ponds and dead-end sloughs of the Yolo Bypassrevegetation effort. This has been aided by the
and settling basin. In years when Cache Creekelimination of commercial instream gravel mining
flows are high enough in winter or spring, somein the creek bed under Yolo County’s new Cache
juvenile salmon and steelhead can migrateCreek Area Plan, with all new mine permits
downstream to the Delta through the floodedrestricted to off-channel sites. In addition, several
bypass or the network of agricultural drainsreplanting projects by non-profit organizations
crossing the ¥olo Bypass to Tule Canal. and government agencies are currently underway.

Recent proposals to create off-channel storage
Numerous studies performed by both state andfacilities using water conveyed from Cache Creek
federal agencies indicate that Cache Creekin winter and spring would also permit recharge of
transports significant amounts of mercury into thegroundwater resources that may improve the
Delta. The mercury is often associated withsurvivability of vegetation during low-flow
suspended sediment loads that occur during highseasons.
flow events, when Cache Creek is hydrologically
connected to the Yolo Bypass. A powerful There are several factors that combine to constrain
neurotoxin, mercury can cause developmentalefforts to establish salmon and steelhead habitat.
damage in both wildlife and humans. MoreThe natural geomorphology of the stream is not
importantly, mercury bioaccumulates through theconducive to supporting a continuous, year-round
food chain, affecting not only aquatic organismsstream. The need to maintain the flood control
but higher order species that feed upon them. capacity of the river floodplain and the ¥olo
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I
I

Bypass restrict the feasibility of creating a naturalconservation and expansion of the active
riparian system in the lower creek.Most floodplain, and protecting shorelines from

I important of all, the high levels of livestock of Dam.mercury grazingupstream Capay
contamination measured in the creek are a directPlanting vegetation or regrading the disturbed
and significant threat to the health of the species,channel and floodplain will hasten and sustain
Until such time as the source of the mercury is in some areas. Major effortsrecovery arerequired
identified and the contamination remediated,to control or eradicate tamarisk and giant reed
Cache Creek should not be considered as healthyinfestations which interfere with natural

I habitat for many aquatic species, vegetation succession by native tree species.

Salmon and steelhead migrations within the creeks PUT/M-I CREEK ECOLOGICAL
I have historically been limited to high flood events, MANAGEMENT UNIT

when there was connectivity to the Delta.
However, salmon and steelhead have not beenPutah Creek has a watershed of about 710 square

I documented to be present in Cache Creek formiles and flows out of the coastal mountains to
many years. Their use of Cache Creek is restrictedenter the Sacramento Valley floor near Winters.
to occasional efforts at colonization when highPutah Creek flows into the Yolo Bypass at the

I flows support up-and downstream migration.Putah Creek sinks (a historical tule marsh-lake
Opportunities to restore these anadromous fisharea). In most wet years, the creek flows to the
populations continue to be limited and restorationYolo Bypass and then flows south through Tule

I efforts will emphasize restoration of ecologicalCanal to the Sacramento River. Monticello Dam
processes and the elimination or reduction of(constructed in 1956) forms Lake Berryessa from
stressors such as mercury contamination andPutah Creek on the east side of the coastal range.

I invasive plants. Below Monticello Dam, the creek flows into
Solano Lake, formed by the Solano Diversion

Supporting the involvement of local citizens andDam (constructed in 1959). Below Solano

I interested parties in existing organizations such asDiversion Dam, the creek flows east through
the Cache Creek Conservancy and Cache CreekWinters and Davis.
Stakeholders Group would help to restore and

I maintain Cache Creek. Similarly, developing andMost of Putah Creek’s flow below Monticello
implementing a comprehensive watershedDam originates from Lake Berryessa, which has
management plan as required under the Cachean average outflow of approximately 350 cfs.

i Creek Resource Management Plan (approved inUnimpaired flows into the Lake Berryessa
1996 by Yolo County as a regulatory and planningwatershed formerly peaked in winter. In wettest
document to maintain flood control capacity,years, winter flows averaged 4,000 to 9,000 cfs.

i reduce bank erosion in the channel, and preserveLowest flows occur in summer and fall. In driest
and restore the riparian corridor) could facilitateyears, flows in winter months averaged only 20 to
restoring and maintaining Cache Creek. Upper70 cfs. In wetter years, summer and early fall

i watershed health can also be improved byflows averaged20tol00cfs.
reducing forest fuels and implementing other
watershed improvement practices to protect

i streamflows, stream channels, and riparian habitat
and minimize sediment input to the stream.

Riparian habitat can be restored by providingI streamflows when available,adequate protecting
the natural sediment supply, promoting the
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releases from late spring to early fall are 200 to

Unimpaired Monthly Average Flow 400 cfs above Solano Dam but near zero below -
the diversion dam.

.~~ The largest diversion is the Putah South Canal
1200 diversion at Solano Diversion Dam; this and other
looo irrigation diversions reduce flows to very low

~ 800
levels in all but wet years and in all months. Flows

o near Davis are very low during summer and fall of _
most years, generally 0 to 60 cfs. Spillage flows
reach 4,000 to 7,000 cfs in the winter of wet years,
but only 4 to 20 cfs in driest years.

0
Historically, chinook salmon migrated at least as
far as the town of Monticello (now under Lake
Berryessa) (Yoshiyama et al. 1996). Solano

Putah Creek Unimpaired Streamflow at Lake Berryessa, 1961- Diversion Dam is now the upstream terminus of
1991 (Dry year is the 20th percentile year, normal year is the salmon and steelhead migration. Some fall-run

50th percentile or median year.) chinook salmon and steelhead still migrate up
Putah Creek in wet years (fall-run chinook adults
were observed in 1997 and 1998). In dry years, no

The natural flow pattern has been altered by waterviable connection exists between the Delta and
storage in Lake Berryessa and spring through fallPutah Creek for salmon and steelhead. In wet
irrigation releases. Flows from Monticello Damyears, when Yolo Bypass and Putah Creek flows
are high in summer and low in winter in all but theare high, fish can reach spawning gravels in lower ---
wettest years. Wet-year spillage flows still averagePutah Creek from the Delta. Significant losses of
4,000 to 8,000 cfs in winter; however, in normal juveniles can occur in spring if low flows or
and dry years, winter flows are generally less thanbarriers limit connections in the Yolo Bypass, or i
100 cfs. Even in the driest years, irrigationin wet years when Yolo Bypass floodflows recede

and juvenile salmon become trapped in seasonal

Historical Monthly Average Flow
Historical Monthly Average Flow

400 -

350 -
300 -

~’250 -

~ 200
~_ 150

100 -
50-
0

Putah Creek Streamflow below Monticello Dam, 1961-1991
(Dry year is the 20th percentile year, normal years if the 50th Putah Creek Streamflow near Davis, 1961-1971, 1973-1975, and

percentile year or median year.) 1978-1984 (Dry year is the 20th percentile year, normal year is
the 50th percentile or median year.)

Volume I1: Ecosystem Restoration Program Plan
~x~T~ Yolo Basin Ecological Management Zone lfision

~ ~ June 1999
339

C--01 9769
C-019769



ponds, disconnected canals, and sloughs in theDiversion Dam during critical migration periods
bypass. If Putah Creek flows are high enough inwould help maintain and improve flows.

or spring, some juvenile Providing supplementary throughwinter salmonand flowsintoand
steelhead can migrate downstream through thethe Yolo Bypass sloughs, either from the Colusa
Delta through canals along the east side of thebasin drain through the Knights Landing Ridge
Yolo Cut Canal the Sacramento River theBypass. or through

Fremont weir near Verona, would provide the
Native fish species, such as hitch, squawfish, andnecessary flows in drier years to let fish pass from
suckers, are an important component of the Putahthe creek mouth to the Delta. The goal is to
Creek watershed and are a primary focus forprovide adequate flows for adult salmon migration
management and restoration efforts. Native fishin fall, fry rearing in winter, and spring juvenile
populations are very low in lower Putah Creekoutmigration in all but the driest years. Minimum
except for the two-mile reach immediately belowflows in upstream summer rearing areas below
Solano Diversion Dam. The length of this reach isSolano Diversion Dam would be required to
insufficient to insure the long-term viability of thesustain the steelhead population.
native fish assemblage and a goal is to restore
these native fishes to a stat of "good condition."Inadequate spawning gravel may be a significant
Good conditions mean that fish of all ages arefactor limiting salmon and steelhead production,
present in sufficient numbers over a large enoughespecially in the upper reach below Solano
habitat area to afford the population the ability toDiversion Dam. Existing gravel sources should be
recover form mortalities caused by unexpectedprotected, and the natural supply should be added
disasters (i.e., pesticide spills; large, rapidto the creek where and when necessary. Past
sediment releases from Lake Solano, etc.);gravel mining operations along the stream
environmental factors; angling; and predation,channel, floodway clearing, and grading and bank
Habitat conditions that promote successfulprotection in the floodplain and along Dry Creek
reproduction, growth and survival ofyoungfish,(a major source of gravel to Putah Creek
and the growth and survival of adult fish aredownstream of Solano Diversion Dam)may also
essential (Trihey & Associates 1996). inhibit gravel recruitment downstream. This reach

offers excellent habitat for oversummer rearing of
Improving streamflow, spawning gravel, andjuvenile steelhead whenflows and water
riparian habitats and providing permanenttemperatures are adequate.
connections between the mouth of the creek and
the Delta will increase opportunities for steelheadThe riparian corridor condition must be improved
trout and fall-run chinook salmon to use Putahsignificantly in several areas. Some areas have
Creek. Putah Creek can make minor contributionsbeen denuded and will require a more intensive
to fall-run chinook salmon and steelheadrevegetationeffort. Gravel mining operations in
populations if adequate holding, spawning,the creek bed were discontinued in the 1960s, but
rearing, and migration habitat are provided,the major gravel and sediment source for the
Adequate streamflows are important to maintainlower creek was eliminated by the construction of
and restore the connections between upstreamSolano and Monticello Dams.
spawning and nursery areas with the Delta.

Developing and implementing a comprehensive
Actions to restore and improve conditions for watershed management plan for both the upper
chinook salmon and steelhead are more likely toand lower watersheds, and implementing the
succeed during years of normal to above-normallower Putah Creek management recommendations
rainfall. Supplementing flows Monticello prepared in 1994 by the U.S. Fish and Wildlifefrom
Dam (Lake Berryessa) through the SolanoService (USFWS) and the Lower Putah Creek
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Coordinating Committee, would facilitatespawning and rearing habitat for salmon and
restoration and maintenance of Putah Creek.steelhead. This reach offers excellent habitat for
AboveLake Berryessa, upper watershed health oversummer rearing of juvenile steelhead.
should be improved by reducing forest fuels and
the opportunity for catastrophic wildfire and SOLANO ECOLOGICAL
implementing other watershed improvement MANAGEMENT UNIT
practices to protect streamflows, stream channels,
and riparian habitat and minimize sediment inputThe southern portion of the Yolo Basin Ecological
to the stream. Below the lake, efforts should focusManagement Zone is the Solano Ecological
on protecting riparian habitat, providing adequateManagement Unit. This unit encompasses small
gravel spawning areas for salmon and steelhead,watersheds above the tidal Delta, south of Putah
andimprovingstreamchannelconditions. Creek and east to the Delta. Most of this area is

within the Cache Slough and Lindsey Slough
Riparian habitat can be restored or enhanced bywatersheds. The unit also includes the Montezuma
providing adequate floodplains along the channelHills, which are not part of the Delta as it is
and protecting shorelines from grading, banklegally defined.
filling, and native vegetation removal to expand
orchards or urban and industrial facilities. PlantingAlthough salmon and steelhead are rarely found in
vegetation or regrading the disturbed channel andthis unit, native resident fish do occupy creeks and
floodplain will hasten and sustain recovery insloughs. Riparian corridors of these creeks and
certain areas. Major efforts are required to control sloughs support vegetation, waterfowl, and
or eradicate eucalyptus tamarisk and giant reedwildlife. Upland habitats include vernal pools,
infestations, which interfere with naturalvalley oak woodlands, and grasslands. Scattered
vegetation succession by native tree species,areas of seasonal and perennial wetlands and
These efforts will involve coordination with theaquatic habitats exist throughout the unit.
local jurisdictions (Yolo County and the cities of
Winters and Davis), University of California (UC) Many of the vemal pools within this Ecological
Davis, the U.S. Bureau of ReclamationManagement Unit are in a degraded condition due
(Reclamation), Solano County Water Agency,to land use practices (e.g., discing and cultivation)
Putah Creek Landowners Association, and theand could be improved. The potential for restoring
Putah Creek Council. native perennial bunch grass is high, as well as is

restoring some of the rare vernal pool plant
Adequate screening systems are needed on thespecies.
Putah South Canal diversion if fish passage is to
be provided along Solano Diversion Dam. Small, WILLOW SLOUGH ECOLOGICAL
unscreened diversions in Putah Creek need to be MANAGEMENT UNIT
screened to protect juvenile fish.

Willow Slough Ecological Management Unit is
Providing fish passage at Solano Diversion Damcomprised of approximately 131,000 acres of
would allow salmon and steelhead passage intoproductive farmland. The watershed is bounded
the cold tailwaters of Monticello Dam. The and intersected by half a dozen natural riparian
interdam reach--several miles of high-qualitywaterways, supporting an extensive irrigation and
riparian and shaded riverine aquatic (SRA)drainage system. Winter runoff from the Vaca
habitat---currently supports a native and stockedfoothills to the west enters this series of tributaries
trout fishery. With appropriate spawning gravels,to terminate in the Yolo Bypass. Even during
the 12-mile reach between Solano Diversion Damyears of normal rainfall some downstream areas
and Monticello Dam could provide good flood and larger events have involved parts of the
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cities of Davis and Winters. Very little winterheavy grazing pressure impacts the grasslands and
water is held back or captured in the naturalriparian areas, especially in the lower reaches. The
systems. Summer use links the natural systemlower foothills are mixed blue oak woodlands and
with Cache Creek diversions and the Yolo County grassland or dryland grain areas. Much of this
Flood Control and Water Conservation Districts acreage is enrolled in the federal Conservation
(FCD) canal system to deliver irrigation water andReserve Program (CRP) and consists of non-
remove related drainage flows, native annual grasses and forbs.

No major surface water impoundments existHistorically, the waterways across the county were
within the watershed. The creeks have historicallyrich and biologically diverse because of their
been managed by farmers and the FCD to removesystem of interconnected streams, wetlands, and
water as quickly as possible, a result, dry uplands. Some narrow remnants ofAs thereis these
frequent downstream flooding, enormoussystems can still be found but most have been
movement of sediment, and lost riparian habitat,removed as part of agricultural practices. Much of
wildlife and biodiversity.A what remains is of and is notpopulations, a weedynature,
consequence of traditional farming practices hascompatible with adjacent agriculture, and requires
been the elimination of functioning seasonalcontinuous maintenance.
wetlands and loss or degradation of riparian
systems. These systems historically transportedWhere areas of natural sloughs remain, seasonal
anadromous species such as chinook salmon andflows support riparian vegetation consisting of
steelhead in years when there was adequatevalley oak, foothill pine, some willows, toyon,
streamflow. As recently as 1986, an adultbuckeye, wild rose, elderberry, and other
steelhead was found in Willow Slough. Onceassociated species. Many wildlife species use
health natural streamways are now barren orthese corridors including deer, quail, raptors, gray
invaded by exotic plant species that contaminatefox, and tree squirrels. The large trees provide
fields and roadsides requiring high maintenanceimportant nesting sites for the endangered
and chemical use with little ultimate control. Swainson’s hawk and other species. Thickets of

elderberry, rose, button willow, mulefat, sedges,
Agriculture is the primary economic enterpriserushes, and grasses provide important food, cover,
throughout the watershed. Crops include lowlandand migration corridors of many species. Intact
acres of alfalfa, irrigated row crops, and orchards,riparian systems also provide important, bio-
Dryland grains and rangeland grazing characterizefiltering of runoff waters. By trapping sediments
the upland hills. The lower irrigated croplands areand chemicals, water quality improves in
made up of highly productive deep alluvial soil asdownstream aquatic systems of the ¥olo Bypass
well as heavier clay and alkali soils. The latter areand Sacramento River.
generally used for rice production. Intensive
"clean" agricultural practices in the watershed VISION FOR THE
have had significant negative impacts on riparian
system, wetlands, upland wildlife habitat, water ECOLOGICAL
quality, and flooding. A change in land MANAGEMENT ZONE
stewardship practices can correct the negative
impacts while maintaining, and in some cases,The vision for the Yolo Basin Ecological
improving the agricultural’s economic base. Management Zone is to protect natural ecological

processes and habitats to a sufficiently healthy
The highest elevations of the watershed consist ofcondition to support native resident fish
chaparral and blue oak woodlands. Most of thepopulations in basin watersheds. The overall
habitats are in relatively good condition, although
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vision also includes visions for ecological WILLOW SLOUGH ECOLOGICAL
processes, habitats, species, stressors, and the MANAGEMENT UNIT
Ecological Management Units.

The vision for the Willow Slough Ecological
VISIONS FOR ECOLOGICAL Management Unit is to integrate agriculture,

MANAGEMENT UNITS natural habitats, and urban development in a
manner to support ecological health.

CACHE CREEK ECOLOGICAL
MANAGEMENT UNIT VISIONS FOR ECOLOGICAL

PROCESSES
The vision for the Cache Creek Ecological
Management Unit is that native resident fish willCENTRAL VALLEY" STREAIVIFLOW: Stream-
be sustained by improving streamflows, fishflows shape channels, support riparian vegetation,
passage, riparian habitat, and spawning graveland provide habitat for fish and other aquatic
recruitment and by screening unscreenedspecies. Streamflows also transport sediments,
diversions, nutrients, and juvenile fish. The vision is that

streamflows in Cache and Putah Creeks will
PUTAH CREEK ECOLOGICAL support stream channel maintenance processes,

MANAGEMENT UNIT such as sediment transport and meander
(consistent with flood protection and adjoining

The vision for the Putah Creek Ecologicalland uses), a healthy riparian zone, and sustainable
Management Unit is that native resident fish will native resident fish populations.

be protected and enhanced by improving stream
channel characteristics, instream habitat,COARSE SEDtMENT SUPPLY: The availability
streamflows, fish passage, riparian habitat, andand quality of sediments within the active stream
spawning gravel recruitment and by screeningchannel are important for supporting natural
unscreened diversions. Opportunities to promotestream channel dynamics, channel maintenance,
use by chinook salmon and steelhead trout will besoil medium for vegetation, and stream substrate.
further evaluated. Sediments also include gravel, which provides for

fish spawning and invertebrate production. The
SOL, NO I=COLOGIC/M. vision for coarse sediment supply is that a

MANAGEMENT UNIT sediment equilibrium will be achieved that
balances sediment transport with sediment input to

The vision for the Solano Ecological Managementmake suitably sized gravels available for fish

Unit is that creeks and sloughs and the associatedspawning and enhances riparian plant life.

riparian, wetland, and upland habitats in the unit
will provide connections to the North Delta. NATURAL FLOODPLAIN AND FLOOD
Populations of native resident fish, includingPROCESSES: Stream-floodplain interactions are

Sacramento split-tail and delta smelt, may bean important ecological process. Streams need the

enhanced by improving conditions in theseopportunity to inundate their floodplains on a

habitats, regular cycle to support riparian regeneration,
nutrient input to the system, and to erode and
deposit sediments. The vision for floodplains in
the ¥olo Basin Ecological Management Zone is
that Cache and Putah Creek will seasonally flood
their active floodplains. The vision also anticipates
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that the flood capacity and biological productivity VISIONS FOR REDUCING
of the flood bypass system will be increased by

I improving conditions that support habitat andOR ELIMINATINGSTRESSORS

juvenile and adult fish survival.
WATER DIVERSIONS: Diversion can dewater

I stream reaches and cause direct mortality to
VISION FOR HABITATS juvenile fish by entrainment. The vision is that

additional water supplies will be developed to

i RIPARIAN AND RIVERINE AQUATIC ensure that diversions will not impair efforts to
H~ITAT~: A healthy riparian corridor provides establish sustainable populations ofnative
a migratory pathway linking lower and higherresident fish species.
elevation habitats for terrestrial species, such asI mammals and birds. Health riparian systems alsoGRAVEL MINING: Gravel mining can remove
produce and contribute to shaded riverine aquaticsignificant quantities of sediments from the active
(SRA) habitat, which can provide cover in thestream channel. This loss of sediments, often in
form of shade or woody debris. The vision for the form of gravel and sand, can have significant
riparian and SPA habitats is that they will provideadverse affects on stream channel dynamics and

i a migration corridor between the Delta andriparian succession. The vision is that intensive
upstream habitats that support terrestrial andgravel mining activities will be relocated to sites
aquatic species, outside the active stream channels while allowing

for continued stream restoration, floodI FRESHWATER FISH HABITAT: Freshwater fish maintenance,anderosioncontrol.
habitat is an important component needed to
ensure the sustainability of resident native andINVASIVE RIPARIAN AND MARSH PLANTS:
anadromous fish species. The streams in the YoloInvasive andplant speciescan outcompete
Basin Ecological Management Zone are adisplace valuablenativespecies. Invasiveplants
combination of fall-run chinook salmon spawningoften have little or no value to native wildlife andI streams in some years of early rainfall but moreare de-stabilizing natural ecosystem functions and
typically hitch streams during most years (Moyleprocesses. The vision is that invasive plants will
and Ellison 1991). The quality of freshwater fishbe controlled to allow native riparian plant species

I habitat in Cache Creek, Putah Creek, and Willow to naturally propagate.
Slough will be maintained through actions
directed at stream flows, coarse sediment supply,PREDATION AND COMPETITION: The

I stream meander, natural floodplain and floodpresence of non-native fish populations in the
processes, and maintaining and restoring riparianstreams of the Yolo Basin Ecological
and riverine aquatic habitats. Management Zone has adversely affected native

i fish assemblages. This is largely a result of
ESSENTIAL FISH HABITAT: Both Cache Creek competition for food and space, though some of
and Putah Creek are identified as Essential Fishthe non-native fish prey on native species.
Habitat (EFH) based on the definition of watersImproving habitat for native species will
currently or historically accessible to salmoncontribute to reducing, but not eliminating,
(National Marine Fisheries Service 1998). Key predation and competition.

I features of EFH to maintain or restore in these
creek include substrate composition; waterCONT~I~O~,~TS: Reducing toxin inputs in
quality; water quantity, depth and velocity;discharges and from contaminated sediments is

i channel gradient and stability; food; cover andessential to maintain water quality. Reduced
habitat complexity; space; access and passage; andconcentrations in waters entering the Delta should
flood plain and habitat connectivity.
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lead to lower concentrations in Delta water and in CENTRAL VALLEY PROJECT
fish and invertebrate tissues. Fewer health IMPROVEMENT ACT
warnings for human consumption of Delta fish
and improved foodweb productivity would also be The Central Valley Project Improvement Act
expected. (CVPIA) which calls for efforts to double the

salmon and steelhead populations in the Central
VISIONS FOR SPECIES Valley by 2002 through changes in flows and

projectfacilitiesandoperations.
CHINOOK SALMON AND STEELHEAD: The

vision is that the Yolo Ecological ManagementSALMON, STEELHE/~ TROUT AND
Zone will contribute to the recovery of fall-run ANADROMOUS FISHERIES
chinook salmon and steelhead populations. PROGRAM ACT

NATIVE RESIDENT FISH SPECIES: Many DFG is required under the Salmon, Steelhead
native fish species will benefit from improvedTrout and Anadromous Fisheries Program Act of
aquatic habitats and stream channel/floodplain1988 to restore salmon and steelhead runs in the
processes. Population abundance indices shouldCentral Valley.
remain stable or increase and population sizes
should be large enough to fully recover from THE DELTA NATIVE FISHES
natural and human-induced disasters. The RECOVERY PLAN
distribution of native resident fishes should
increase with widespread habitat restoration. This plan prescribes efforts to assist the recovery

of many fish species native to the Central Valley,
PI.~d~T SPECIES AND COMMUNITIES: The including delta smelt, splittail, and other native
vision for plan species and communities is tofish species.
protect and restore these resources in conjunction
with efforts to protect and restore wetland and ENDANGERED SPECIES ACT
riparian and riverine aquatic habitats.

The National Marine Fisheries Service (NMFS) is
INTEGRATION WITH reviewing the status of steelhead trout in the

OTHER RESTORATION Central Valley. Any restoration program
developed under the federal Endangered Species

PROGRAMS Act (ESA) will be compatiblewith
recommendations in the ERPP.

All efforts proposed in the Ecosystem Restoration
ProgramPlan (ERPP) to improve habitat and The health of the Ecological Management Units of
reduce stressors will be coordinated with existingthe Yolo Basin Ecological Management Zone can
State and federal programs and with localbe maintained and restored only with the active
stakeholder organizations. The ERPP alsoparticipation of local watershed groups, which
supports and complements restoration effortsinclude local landowners and concerned
already underway in the Yolo Basin, including theindividuals.
following.
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I

NATIVE SPECIES RECOVERY PI.~N individual landowners. These groups will work

FOR LOWER PUTAH CREEK together to maintain and restore streamflows andI fish and wildlife habitat, additional waterdevelop
A recovery plan for Lower Putah Creek native fish supplies to reduce impacts of diversions, and
species was prepared in 1996. This plan is minimize poachinganddegradationofhabitatandI intended to re-establish and maintain: (10 a supportwater qualityin basinstreams.To this
resident native cool water fish assemblage, (2) a effort, funding may be provided to enhance
mixed native warm-water fish assemblage, (3) a streamflows, reduce problems related to fish

I fish and install screens at diversions, restorewarm-water game assemblage, (4) a passage,
native anadromous fish assemblage. Many of the habitats, and increase enforcement of the
ERPP targets and programmatic actions for Putah California Fish and Game Code to protect,

I Creek consistent with the recommendation in recovering populations of salmon and steelhead.are
this plan

WILLOW SLOUGH INTEGRATED

I WATERSHED ORGANIZATIONS RESOURCE MANAGEMENT PLAN

Some watershed groups that already have been To implement a set of resource management

i established in the Ecological Management Zone practices, the Yelp County Resource Conservation
are: District (RCD) is working with local landowners,

and local, state, and federal agencies under the

I ¯ Cache Creek Conservancy, Willow Slough Integrated Resource Management
¯ Cache Creek Stakeholders Group, Plan. The goal of this plan is to enhance the
¯ UC Davis Putah-Cache Bioregional Project, natural resources of the watershed using

I ¯ Solano County Water Agency, voluntary, small-scale, on-farm, and reproducible
¯ Water Resources Association of YelP County, management practices. The resources and
¯ Farm Bureau problems that could be jointly managed include

I ¯ Putah Creek Landowners Association, stormwater runoff, erosion, sedimentation,
¯ Putah Creek Council, chemical use, wildlife habitat, and groundwater
¯ YelP County Resource Conservation District, recharge.

I ¯ Yelp Basin Foundation,
¯ Flood Plain Management Group, A resource inventory completed during the plan
¯ Blue Ridge Ranchers, and development process found multiple benefits

I ¯ Quail Ridge Conservancy. could be achieved. The analysis focused on
opportunities for creating or enhancing wetland

Efforts in the Yelp Basin will be linked to similar and riparian habitats, augmenting groundwater

I work by the California Waterfowl Association, recharge,.and decreasing flooding problems.
Ducks Unlimited, The Nature Conservancy
(TNC), and the California Rice Industry. The LINKAGE TO OTHER

I overall success of these efforts will require
cooperation from resource agencies, such as the ECOLOGICAL
California Department ofFish and Game (DFG), MANAGEMENT ZONES

I California Department of Water Resources
(DWR), and USFWS, as well as participation and Many of the resource elements in the Yelp Basin
support from the U.S. Bureau of Reclamation Ecological Management Zone depend on

I (ReClamation), Natural Resources Conservation conditions or elements in other zones, including
Service (NRCS), private organizations, water the Sacramento River and Delta. The Yelp Basin
districts, county and city governments, and
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Ecological Management Zone has importantwould be needed along with irrigation water from
connection with the North Delta Ecological spring to fall to sustain native fish, wetlands, and
Management Zone. The major area that connectsriparian habitats in channel sloughs of the Yolo
the two in the Yolo Bypass. The upper section ofBypass (.~).
the bypass (above the Interstate 80 causeway) is in
the Yolo Basin Ecological Management Zone andPROGRAMMATIC ACTION 1A." Develop a
the section below the causeway is in the Northcooperative program to provide water for summer
Delta EcologicalManagementUnit. flows in Cache Creek to maintain riparian

vegetation by developing new conjunctive
The connections between these areas also includesupplies, including groundwater.
other ecosystem elements. Anadromous fish, for
example,arehighlymigratory and depend on PROGRAMMATIC ACTION 1B: Develop a
conditions in the mainstem Sacramento River, thecooperative program to provide water for the
Delta, the San Francisco Bay, and the nearshoretarget flows in Putah Creek from additional Lake
Pacific Ocean. Because these fish are affected byBerryessa releases or reductions in water
stressors throughout their range, such asdiversions at Solano Diversion Dam and in the
unscreened diversions, water quality deterioration,creek downstream of the dam. Water would be
and harvest, restoring salmon and steelheadobtained fromwillingsellers, water transfers, and
populations in the Yolo Bypass will require by developing new supplies, including
efforts in other zones, groundwater.

RESTORATION TARGETS PROGR/MVIMATIC ACTION lC: Cooperatively
evaluate the feasibility of providing water for the

AND PROGRAMMATIC upper Yolo Bypass portion of the Cache Creek

ACTIONS Unit by redirecting water from Colusa basin drain
through the Knights Landing Ridge Cut Canal, an
extension of the Tehama-Colusa Canal, and the

ECOLOGICAL PROCESSES          Sacramento River through the Grays Bend-Old
River-Fremont weir complex.

CENTRAL VALLEY STREAMFLOW
RATIONALE: Supplemental summer flows

TARGet 1 : More closely emulate naturalproposed in Cache Creek wouM sustain newly
seasonal patterns in Cache and Putah Creeks byestablished riparian vegetation and provide refuge
providing additional flows, when available fromfor native resident fish. Flows from the Colusa
existing water supplies. Flows in the Yolo Bypass basin drain, Tehama Colusa Canal extension, and
would be supplemented, as needed, by the Colusathe Sacramento River are necessary to provide
basin drain through the Knights Landing Ridgesufficient flow in the Yolo Bypass during the
Cut Canal, extending the Tehama-Colusa Canal,spring through fall irrigation season to sustain
and the Sacramento River through the Fremontnative fish, wetlands, and riparian habitat;
weir. Supplemental flows may be needed in fall ifadditional supplemental flow may be needed
water temperature and flow in the lower Yolo during the late-fall through early spring salmon
Bypass are insufficient for passage from Cacheand steelhead migration season. Theseflows will
Slough to upstream areas in the Sacramento River.sustain native resident fish species and salmon
Supplemental flows may be needed in winter andand steelhead using the Yolo Bypass route to and
spring to sustain downstream migrating juvenilefrom the upper Sacramento River watersheds.
salmon and steelhead on their journey through the
Yolo Bypass to the Delta. Supplemental flows
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Flow in this area would pass south along both and bar formation where consistent with flood
sides of the Yale Bypass, merging with any protection and adjoining land uses, and match
supplemental Cache andPutah Creekflows along existing rates of downstream displacement (~).
the west side of the Yale Bypass. A weir or screen
will be placed at the Knights Landing Ridge Cut PROGRAMMATIC ACTION 1 A: Develop a
Canal outlet to keep salmon and steelhead from cooperative to supplement gravelprogram
migrating upstream into the Colusa basin drain, recruitment below Solano Diversion Dam as
Fish passage facilities will be Constructed at the needed to replace natural gravel recruitment
Grays Bend-Old River-Fremont weir complex to interrupted by the diversion dam.
allow migrating adult salmon and steelhead
moving upstream through the Yale Bypass toward PROGRAMMATIC ACTION 1 B: Develop a
upper Sacramento River basins to enter the cooperative program to supplementgravel in areas
Sacramento River. Downstream migrating downstream of the diversion dams where other
juvenile salmon and steelhead will not be structures or gravel mining has interrupted the
discouraged from moving from the Sacramento gravel recruitment process.
River into the Yale Bypass, because conditions
should be optimal for rearing and migrating on ~ T/ONALL=; Gravel recruitment has been
their way to the Delta. severely interrupted in Putah Creek from dam

construction. Replacement is necessary below the
lmproved streamflows are one of the most critical dam to sustain fish rearing habitat, feasible
ecosystem elements required to promote healthy stream meander, and riparian corridors.
native fish populations in Putah Creek. Consistent with this is the need to improve the
Opportunities to provide the needed flows are stream channel characteristic of Putah Creek
presently limited, but that does not lessen the need downstream of Solano Diversion Dam. Of concern
to continue efforts to find a collaborative means is the existing channel geometry including width
by which to meet the needs for all the beneficial and depth.
uses of Putah Creek water. There are four
general classes of streamflow needs for Putah NATURAL FLOODPLAIN AND
Creek native fishes: (1) flows for native fish FLOOD PROCESSES
rearing, (2) flows for native fish spawning, (3)
flushing flows to push non-native pond fish T~IG~-I" 1 : More closely emulate natural stream
downstream, and (’4) anadromous fish flows. The channel configurations in Cache Creek and Putah
first two streamflow needs are ofhigherpriority at Creek, as well as in channels and sloughs of the
this time and alternatives to using streamflows to upper Yale Bypass, consistent with flood control
control non-native fish species need to be further requirements (~).
examined Restoring more natural channel
characteristics, providing instream PROGRAMMATIC ACTION 1A: Cooperativelyhabitats such
as woody debris, pools, overhanging vegetation, evaluate the feasibility of modifying the cross
may provide native species with the advantage sections and channel configurations in Cache and
required to naturally displace or successfully Putah Creeks to provide a more natural
compete non-native species such as the red shiner, configuration, while maintaining consistency with

flood control requirements and minimizing
COARSE SEDIMENT SUPPLY impacts to adjoining established land uses.

TARGET 1 : Restore gravel recruitment in Cache TARGET 2: Increase overbank flooding potential
spawning to floodplains, where feasible and consistent withandPutahCreeksto meetthe needsof

fish, maintain natural stream channel meanders
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I
flood protection, to support a desirable vegetationcontributing to the estuarinefoodweb. Developing m

succession process (e). floodplain overflow areas and off-channel water
storage facilities along lower Cache and Putah 1

PROGRAMMATIC ACTION 2A: Evaluate Creeks will help reduce flood damage, provide 1

oppor-tunities to provide flow to Yolo Bypass supplemental flows during the summer, and
from Colusa basin drain, extending the Tehama-improve fish, riparian, and wetland habitats, and 1
Colusa Canal, and Sacramento River (throughfurther contribute nutrients and organic materials
Fremont weir) in dry and normal water years, asto the Bay-Deltafoodweb.
well as normally occurring overflow in wetter I
years. Natural floodplain overflow basins and off-

channel water storage facilities serve to store
TARGET 3." Increase the area of flooding to thesediment, nutrients, and water, making them I
active Cache and Putah Creek floodplains duringavailable for other uses and to the rivers at other
the wet season, where feasible and consistent withtimes. The subsurface water and sediment flow
flood protection ( ~ ). and nutrient retention also help form and maintain 1

riparian habitats, which provide spawning and
PROGi~aadVIMATIC ACTION 3A: Evaluate the rearing habitat for native resident fish during
feasibility of expanding floodplain overflow areashigher water periods. 1
in the lower Cache and Putah Creek floodplains.
Such areas would include sloughs and creekSuccessful restoration of the Yolo Basin streams
channels, setback levees, and wetlands, wherewill minimally require considerable stream 1
feasible and consistent with flood protection, channel reconfiguration. The intent is to restore

channels to configurations that can be retained in
T.,e~GET 4: Establish a desirable level ofa natural state by the proposed flows, natural ¯
floodwater retention potential by expanding,erosion and sedimentation processes, riparian
where feasible and consistent with floodvegetation succession, and gravel-sediment
protection, the floodplain area of the Yolo Bypass,regimes (patterns), where feasible with flood ¯
lower Cache Creek, and lower Putah Creek, andprotection and adjoining land uses. l
by developing off-channel water storage facilities
( ~ ). Increasing the flood capacity of the bypass may be []

necessary to develop and implement future l
PROGRAMMATIC ACTION 4A: Cooperatively riparian habitat restoration programs. Riparian
evaluate the feasibility of reoperating andvegetation reduces flood capacity, so an effective 1
modifying the Yolo Basin to increase its capacityriparian restoration program in the Yolo Basin i
for floodwater detention and sediment retention bywould need to be integrated with a program to
reconfiguring levees, channels, and other physicaloffset any potential loss by increasing capacity.
constraints to large-volume flow events. 1

HABITATS
P~ATIOIVALE." Overbank flooding is a regular
occurrence in the Yolo Bypass in flood years. RIPARIAN AND RIVERINE AQUATIC IProposed actions will provide this valuable HABITAT
process in dry and normal water years when no
flooding of the Bypass would normally occur. TARGET 1 : Restore riparian vegetation along IFlooding in the Bypass sustains wetlands and Cache Creek, Putah Creek, and Yolo Bypass and
provides for the transfer of considerable amounts       Selene Ecological Management Unit channels and          1
of nutrients and organic materials to the Delta sloughs, where possible, to provide cover and i
and Bay, where it serves the valuable purpose of
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other essential habitat requirements for native habitats. For example, maintaining freshwater
resident fish species and wildlife (~). and essential fish habitats is governed by actions

to maintain streamflow, sedimentimprovecoarse
PROGRAMMATIC ACTION 1A: Develop a supplies, maintain stream meander, maintain or
cooperative program to restore riparian vegetation, restore connectivity of streams in this zone and
where possible and fill in forest continuity, their floodplains, and in maintaining andgaps

restoring riparian and riverine aquatic habitats.
PROGRAMMATIC ACTION 1B: Develop a
cooperative program to protect existing riparian REDUCING OR ELIMINATING
corridors along creeks, streams, sloughs, and

STRESSORSchannels connecting to the Delta.

PROGRAMMATIC ACTION 1C: Develop a WATER DIVERSIONS

cooperative program to plant riparian vegetation
and provide for early development until it TARGET 1 : Screen all diversions in the ¥olo

becomes naturally self-sustaining. Bypass channels and sloughs (~).

PROGRAMMATIC ACTION 1D: Develop a PROGRAMMATIC ACTION 1A: Evaluate the

cooperative control program for non-native feasibility of screening diversions in the Yolo

riparian plants, where necessary, to promote Bypass with positive-barrier fish screens.

1~ TIONALE: Reducing loss of juvenile salmon,
developmentof healthynaturalripariancorridors.

RATtONAL£: Healthy riparian corridors along steelhead, native resident fishes, nutrients,

creeks, sloughs, and channels, including those in organic debris, and aquatic invertebrates is

the Yolo Bypass, provide essential cover, shade, essential to restoring salmon, steelhead and native
resident fish populations to the Yolo Bypass.and food for spawning, rearing, and migrating

native resident fishes and other wildlife. Unscreened diversions are a significant threat to
downstream migrating juvenile salmon and
steelhead in late winter and early spring, and to

FRESHWATER FISH HABITAT AND oversummer rearing steelhead in upstream
ESSENTIAL FISH HABITAT             rearing areas. Salmon and steelhead populations

from the upper Sacramento River watersheds will
TARGET 1 : Maintain and improve existing benefit from reduced stranding losses in the Yolo
freshwater fish habitat and essential fish habitat
through the integration of actions described for Bypass.

ecological processes, habitats, and stressor
reduction or elimination. DAMS AND OTHER STRUCTURES

PROGRAMMATIC ACTIONS: No additional      TARGET 1 : Improve fish passage between the
Delta and spawning grounds in the upperprogrammatic actions are recommended,              watersheds (~,~).

FbaTIONALE: Freshwater fish habitat and PROGRAMMATIC ACTION 1A: Evaluate theessential fish habitat are evaluated in terms of
their quality and quantity. Actions described for feasibility of constructing fish passage facilities at

the Grays Bend-Old River-Fremont weir complexAmerican River Basin Ecological Management
Zone ecologicalprocesses, stressor reduction, and at the upper end of the Yolo Bypass.

riparian and riverine aquatic habitat should
suffice to maintain and restore freshwater fish
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PROGRAMMATIC ACTION 1B: Evaluate the Restoring the natural channels by integrating
feasibility of providing fish passage at the Solanoremnant pits with the activef!oodplain will ensure
DiversionDam. that juvenile native resident fish are not stranded

in ponds and exposed to the unnatural levels of
RATtONAL£: During floods, large numbers of predatory fish that reside in these ponds.
adult late-fall-, winter-, and spring-run chinook Increasing the width and variation of the channel
salmon, as well as winter- and spring-run in those areas altered by former gravel mining
steelhead from the upper Sacramento River operations will restore gravel recruitment to the
watersheds,migrate upstreamthrough the Yolo river and allow for the development of more
Bypass. As floodwaters recede, some of these fish natural and stable stream channels and riparian
are delayed or stranded behind the Fremont weir. habitat.
Additional releases from the Colusa basin drain
and Fremont weir will further aggravate this |NVASIVE RIPAFII~d~I AND MARSH
existing problem. Ensuring fish passage into PLANT SPECIES

Sacramento River watersheds from the Yoloupper
Bypass is essential to restoring these wild salmon TARGET 1 : Reduce populations of invasive non-
and steelhead runs to the Sacramento River basin, native plant species that compete with the

establishment and succession of native riparian
Providingfishpassage at Solano Diversion Dam vegetation along Cache Creek and Putah Creek.
would allowsalmon and steelheadpassage into This will help to reestablish native riparian
the cold tailwaters of Monticello Dam. The vegetation in floodplains, increase SRA cover for
interdam reach - several miles of high quality fish, and increase habitat values for riparian-
riparian and shaded riverine aquatic habitat - associated wildlife (.~).
currently supports wild trout and stocked trout
fisheries. With appropriate spawning gravels, the PROGRAMMATIC ACTION 1A’. Develop a
12-mile reach between Solano Diversion Dam and cooperative program to monitor the distribution
Monticello Dam could provide good spawning and abundance of non-native plants and develop
and rearing habitat for salmon and steelhead, cooperative control programs as needed.
This reach offers excellent habitat for oversummer
rearing of juvenile steelhead. RATtONALE: Non-native plant species, such as

false bamboo, salt cedar, eucalyptus, water
GRAVEL MINING hyacinth, and pepperweed, can undermine

riparian habitat value to fish and wildlife, as well
TARGET 1 : Protect, enhance, and restore naturalas the naturalplant succession that contributes to
gravel recruitment within the active floodplain the physical character of the riparian corridors.
and remnant gravel pits (~,).

PREDATION AND COMPETITION
PROGRAMMATIC ACTION 1A: Develop a
cooperative program to incorporate remnantTARGET 1 : Reduce predation and competition
gravel pits into active creek floodplains to increaseon native fish species (~).
the channel area and restore natural channel
configurations, while providing for thePROGRAMMATIC ACTION 1A-" Develop a
maintenance of flood capacity and protection ofcooperative program to modify the stream channel
adjoining land uses. and improve aquatic habitats. (Refer to

recommendations for streamflow, sediment
RATIONALE: There are remnant gravel mining supply, floodplain, and contaminants.)
effects in lower Cache and Putah Creeks.
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I RA TIONAI.E: Habitat alteration often provides a ST FLAN D I N G
competitive advantage to non-native fish species

I nativeftsh species as a ofpoor TARG~" 1 : Prevent adult salmon and steelheadand decline result
habitat, predation, and competition for limited stranding in the Yolo Bypass during their

i nutrients and habitat. Reducing the adverse effects upstream migrations (~,).
of non-native species can be achieved by a
program to restore ecologicalprocesses, habitats, PROGP, uad~II~a, TIC Ae’noN 1 A: Evaluate the
and reducing other stressors to the extent feasibilityofconstructing fish passage facilities at

the Grays Bend-Old River-Fremont weir complexpossible.

at the upper end of the Yolo Bypass.
CONTAMINANTSI PROGRAMMATIC ACTION 1B: Develop a

TARGET 1 : Restore and maintain water quality in cooperative program to construct a weir or screen
the Cache Creek watershed(~), at the lower end of the Knights Landing Ridge Cut

Canal to keep adult salmon and steelhead from
PROGRAMMATIC ACTION 1A: Identify the migrating upstream into the Colusa basin drain.
sources and reduce the amounts of mercury and

I other contaminants coming into the watershed RATIONALE: The andstranding subsequent
from upstream sources, losses of juvenile and adult fish in the Yolo Basin

Ecological Management Zone have been observed

I TARGET 2: Restore and maintain water quality in in past Additional information is requiredyears.
the Putah Creek Watershed (~). to identify effective measures to reduce or

eliminate these losses. Potential measures need to

I PROGRIM~M~TIC ACTION ~.J~: Develop and be consistent with the overall goal of restoring
implement a Streamkeeper program on Putah processes, habitats andspecies while maintainin’g
Creek. or improving flood control capacity of the system.

I RATIONALE: Implementing a "Streamkeeper            REFERENCES USED TO
Program" on Putah Creek would provide an

I effective means by which to monitor a variety of DEVELOP THE VISION FOR
environmental factors that influence the watershed THE YOLO BASIN
health below Monticello Dam. In addition to ECOLOGICAL MANAGEMENT

I collecting water samples for chemical analysis a
ZONEstreamkeeper could (1) monitor telemetered

stream gauges, (2) conduct frequent site visits, (3) Califomia Department of Fish and Game. 1955.

i identify andplan restorationprojects, (4) provide Letter from L. Shapovalov, Senior Fisheries
localpublic outreach with private landowners, (5) Biologist, to R.E. Dedrick, dated March 2,
monitor the native resident fishery, (6) act as a .1955.
watchdog for the creek, and (7) provide useful
information local government, and state and California Department ofFish and Game. 1993.
federal agencies regarding the health of Putah Restoring Central Valley Streams: a plan for

i Creek. action. November 1993.

Interagency Ecological Program Steelhead Project

I Work Team. 1999. Monitoring, Assessment,
and Research on Central Valley Steelhead:

I
~t" c.w~)
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Status of Knowledge, Review of Existing
Programs, and Assessment of Needs. in
Comprehensive Monitoring, Assessment, and
Research Program Plan, Tech. App. VII-A-
ll.

Moyle, P.B., and J.P. Ellison. 1991. A
conservation oriented classification system for
the inland waters of California. California
Fish and Game 77(4): 161-180.

National Marine Fisheries Service. 1998. Draft
proposed recommendations for amendment 14
to the Pacific Coast salmon plan for essential
fish habitat. March 26, 1998.

Trihey & Associates. 1996. Native species
recovery plan for lower Putah Creek,
California. Trihey & Associates, Concord,
California. January 29, 1996.

U.S. Fish and Wildlife Service. 1996. Recovery
plan for the Sacramento/San Joaquin Delta
native fishes. U.S. Fish and Wildlife Service
November 1996.

U.S. Fish and Wildlife Service. 1997. Revised
draft anadromous fish restoration plan: a plan
to increase natural production of anadromous
fish in the Central Valley of California. May
30, 1997.

Yolo County. 1996. Cache Creek Resources
Management Plan and Cache Creek
Improvement Program. August 1996.

Yolo County Resource Conservation District.
1995. The Willow Slough Watershed
Integrated Resource Management Plan.

¥oshiyama, R.M., E.R. Gerstung, F.W. Fisher,
and P.B. Moyle. 1996. Historical and present
distribution of chinook salmon in the Central
Valley drainage of California. Sierra Nevada
Ecosystem Project: Final report to Congress,
vol.III. Centers for Water and Wildland
Resources, Univ. Cal. Davis. pg. 309-361.
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�’ EASTSIDE DELTA TRIBUTARIES
ECOLOGICAL MANAGEMENT ZONE

INTRODUCTION

The health of the Delta is closely linked to the

i health of its component watersheds. The major
watersheds contributing streamflow to the Delta
include the Sacramento River, San Joaquin River,
and the eastside Delta tributary streams. Cum-
ulatively, these provide over 95% of the annual
freshwater inflow to the Delta and provide

I migration, spawning, and rearing habitat for
resident, anadromous, and some estuarine fish that
depend on a healthy Delta ecosystem. The east.side

i Delta tributary streams can support increased
abundances of resident, anadromous, and estua-
rine fish, such as steelhead, chinook salmon, and

I splittail, which will, in turn, contribute to theImportant ecologicalprocesses within the Eastside

overall Delta health. Delta Tributaries Ecological Management Zone
include streamflow, stream meander, gravel
recruitment and cleansing, sediment transport,

/ DESCRIPTION OF THE flood and floodplainprocesses,and water

MANAGEMENT ZONE temperature. Important habitats include seasonal
wetlands and riparian and shaded riverine aquatic

I The Eastside Delta Tributaries Ecological(SRA) habitat.

Management Zone includes the three major
tributaries entering the Sacramento-San JoaquinFish and wildlife resources in the basin include

I fall-run chinook salmon, steelhead, splittail, otherDeltaon itseastside:
native resident fish, and waterfowl. Fall-run

¯ Cosumnes River Ecological Unit, chinook salmon and steelhead populations are

I generally unhealthy due to poor habitat conditions.MokelumneRiverEcologicalUnit,and
¯ Calaveras River Ecological Unit. Achieving healthy status for these salmonid

populations, as well as for splittail, will depend on
,_..~._/w-~ actions implemented in this zone and .on
~" complementary restoration actions in the

Sacramento-San Joaquin Delta Ecological

I Management Zone. The confluences of the
Mokelumne, Cosumnes, and Calaveras rivers, as
they enter the Delta, are important backwater

I floodplain areas that support excellent riparian
habitats. These areas provide important habitat for
juvenile chinook salmon, delta smelt, splittail,

I giant garter snake, and sandhill crane.

Location Map of the Eastside Tributaries Ecological Management
Zone and Units.

I
~ oJ.m)
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Notable stressors to ecological functions, pro-Nevada foothills and joins the Mokelumne River
cesses, habitats, and resources within the zonenorth of Thornton in the Delta. Flow records are
include: available for Michigan Bar (535-square mile

watershed), located near the base of the foothills
¯ altered instream flows, as the river flows onto the valley floor. The Sly
¯ altered water temperature regimes, Park Dam (Jenkinson Lake) has a capacity of
¯ separation of rivers from their floodplains, 40,000 acre-feet on the North Fork Cosumnes,
¯ interruption of gravel recruitment and cleans-with a watershed of 60 square miles. Releases are

ing processes, primarily into the Camino conduit for irrigation in
¯ reduced sediment transport, Cosumnes and South Fork American River basins
¯ poor land use and livestock grazing practices,(average of about 25 cubic feet per second [cfs]).
¯ high levels of predation on juvenileThere are no other major impoundments in the

salmonids, Cosumnes River watershed,, although several
¯ entrainment of aquatic organisms in wateragricultural diversions are located between

diversions, Michigan Bar and Thornton. Due to the low
- ¯ restriction of fish passage at dams andelevation of its headwaters, the river receives most

diversion structures, of its water from rainfall rather than snowmelt.
¯ input of contaminants, The entire Cosumnes River watershed is included
¯ illegal salmon and steelhead harvest, and in this Ecological Management Zone from its
¯ riparian vegetation removal, headwaters to the confluence with the Mokelumne

River. The Cosumnes River floodplain lies
LIST OF SPECIES TO BENEFIT FROM primarily within the legally defined Delta

RESTORATION ACTIONS IN THE boundary.
EASTSIDE DELTA TRIBUTARIES

ECOLOGICAL MANAGEMENT ZONE The Cosumnes River natun~l streamflow pattern is
typical .of Sierra foothill streams, with high late

¯ splittail winter and early spring flows, moderate late
¯ chinook salmon spring flows, and very low summer and fall flows.
¯ steelhead trout Annual flows also vary greatly. Peak flows occur
¯ native resident fishes
¯ giant garter snake
¯ western pond turtle Historical Monthly Average Flow
¯ Swainson’s hawk
¯ greater sandhill crane
¯ waterfowl ~ooo

¯ plants and plant eommunities.

Z~8°°-~800"- ’

/

[~ESCRIPTIONS OF
ECOLOGICAL MANAGEMENT ~

UNITS
200 -

COSUMNES RIVER ECOLOGICAL J F M A M J J A S 0 N D

MANAGEMENT UNIT [] NormalYear [] Dry Year

II
The Cosumnes River, with a watershed of approx- Cosurrmes River Streamflow, 1962-1992 (Dry year is the

imately 1,265 square miles, drains the Sierra 20th percentile year; normal year is the 50th percentile or
median year.)
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I
from February through April. In years with theof the run experiences difficulty negotiating the
highest rainfall, average monthly winter and earlyshallow bar and shoal areas, as well as high water

! spring flows range from 4,000 to 6,000 cfs, but temperatures. Only during normal and wet water
only from 80 to 120 cfs in August and September.years are winter and spring flows usually adequate
In driest years, flows peak at only 30 to 50 cfsfor juvenile salmon emigration. Typically, 35
from February to May, while flows the remainder miles of the river between Twin Cities Road and
of the year are 0 to 20 cfs. Average monthly lateHighway 16 are dry during the summer to early
winter and early spring flows in dry and normalfall months.

i years range from 400 to 800 cfs.
Historically, the Cosumnes River overflowed its

The historic flows at Michigan Bar are verybanks and deposited sediments, primarily sand,

I similar to unimpaired flows, because there arewhich formed natural levees. The area down-
limited diversions from the upper watershed, andstream of Wilton Road also had a mosaic of
Jenkinson Lake does not provide substantialriparian (waterside)forest and freshwater emer-

I regulation of winter and spring runoff, gent wetlands, whereas today, only remnant stands
of valley oak woodlands remain..

During the 1950s, the Cosumnes River supported

I an average annual run of approximately 5,000 fall-Presently, the lower Cosumnes River between
run chinook salmon. During recent years, it hasDillard Road and Twin Cities Road is extensively
been estimated that the average annual runleveed. Levees extend 15.8 miles alongtheright

I consists of 100 fish or less. The river hasbank (facing downstream) and 3.6 miles along the
extensive gravel areas suitable for chinook salmonleft bank.
spawning and provides good rearing conditions

I for juvenile salmon. Spawning areas are locatedThere are no water storage reservoirs on the
between Michigan Bar and Sloughhouse. Chinookmainstem Cosumnes River, and streamflows are
salmon have been observed in the 40 miles ofaltered primarily due to numerous small water

i stream from the mouth to Michigan Bar. A naturaldiversions. There is one diversion dam (Granlees
migration barrier is located upstream fromDiversion Dam) on the fiver, located approx-
Michigan Bar. imately 1 mile upstream from the Highway 16

crossing. This dam has two functional fishways.
In addition, there are 157 registered appropriative
water rights on the fiver. Most water is diverted
out of the river from the first rains in the fall

I through early summer. This is the period when
fall-run chinook salmon most need high flows.

I Groundwater is the ofpumping apparently cause
a significant decline in the local groundwater
table. This decline is responsible for the number

I of days of very little to flow in the Cosumnesno

Fall-run Chinook Salmon Returns to the Cosumnes River, River, increasing from 82 days for water years
1953-1997. 1942 through 1961 to 104 days for 1942 through

I 1982. Daily flow data for the loweraverage
Low natural streamflow in summer and fall,Cosumnes River have not been available since
particularly in low rainfall years, is the primary1982, and the present number of very low to no

I factor limiting the salmon run size in theflow days is probably greater. The decline in the
Cosumnes River. In many years, the early portiongroundwater table in the vicinity of the Cosumnes

I
~ c~
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River and the increased days of very little to noSacramento River into the North Fork Mokelumne
flow limit access to the river by fall-run chinookRiver channel. The river enters the lower San
salmon as they enter, or try to enter, the river inJoaquin River northwest of Stockton. The median
October and November. historical unimpaired runoff is 696,000 acre-feet

(af), with a range of 129,000 to 1.8 million af.
Other factors limiting anadromous fish production
in this ecological management zone includeThe Mokelumne River has had a long history of
streambed incision and loss of spawning gravelwater development. Three major impoundments in
due to the effects of levees, blocked upstream fishthe watershed, with a combined storage capacity
passage at small dams, entrainment of youngof more than 750,000 af(Camanche, Pardee, and
salmon at water diversions, general climaticSalt Springs Reservoirs), now control releases to
Variations, oceanic conditions, and commercialthe lower Mokelumne River. In 1929, East Bay
and recreational fish harvest. Municipal Utility District (EBMUD) constructed

Pardee Reservoir and the Mokelumne Aqueduct to
Opportunities to restore fall-run chinook salmonsupply water to 1.2 million people living in 20
in the Cosumnes River are limited. The majorcities and 10 unincorporated areas in Contra Costa
limiting factor is low or no flows in the lower river and Alameda counties. The reservoir has a
during the early upstream migration period (late
September and October). In years when winter
rains are late or lacking, salmon are not able to Unimpaired Monthly Average Flow
swim up the river and spawn.

The lower Cosumnes River area also provides          3000 ~.
wintering habitat for greater sandhill cranes,           2~oo ~
roosting and foraging habitat for Swainson’s         ~20oo-
hawk, and terrestrial and aquatic habitat for giant         ~ ~ 5o~ -
garter snake and western pond turtle.

500 -Riparian habitat and channel conditions are
affected by an extensive system of private levees 0

along the lower Cosumnes River that are set close
to the active channel. These levees are sub- [] Dr~¥oar
standard and were breached in 14 locations during
the January 1997 flood. Levee and channel main- Mokelumne River Unimpaired Streamflow at Pardee, 1972-

1992
tenance often requires riparian vegetation (Dry year is the 20th percentile year; normal year is the
removal. 50th percentile or median year.)

MOKI~LUMNE RIVER ECOLOGIC/M. capacity of 197,590 afand the aqueduct can carry
MANAGEMENT UNIT about 500 cfs from Pardee Reservoir. Camanche

Dam, constructed in 1964 by EBMUD, is now the
The Mokelumne River, the largest eastside Deltaupstream boundary for anadromous fish
tributary, drains approximately 661 square miles,migration.
with its headwaters at 10,000 elevation feet on the
Sierra Nevada crest. Downstream of the town ofCamanche Reservoir, with a capacity of
Thornton, the river splits into the North and South approximately 417,120 af, provides seasonal
Fork channels. The Delta Cross Channel andstorage for downstream diversions and instream
Georgiana Slough divert water from theflows. Downstream of Camanche Reservoir,
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developments include both hydroelectric andhave declined from the 400 to 1200 cfs range to
irrigation facilities. At Lodi, the Woodbridge the 100-300 cfs range. Normal rainfall year spring
Diversion Dam supplies water to the eastern Deltaflows have declined from the 1,400 to 2,600 cfs
agricultural area. range to the 200-500 cfs range.

The natural Mokelumne River streamflow pattern
is typical of streams in the central Sierra, with

Historical Monthly Average Flow

high spring flows, very low summer and fall
flows, and moderate winter flows. Total annual
inflow also varies greatly. Peak inflows occur in
April and May. In years with the highest rainfall,
average monthly inflows range from 4,000 to
6,000 cfs from January through June, but from
only 200 to 500 cfs in August and September. In
driest years, inflows peak at only 600 to 1,000 cfs
in April and May, while summer and fall inflows
are 0 cfs, and winter inflows are only 30 to 150
cfs. Typical average monthly spring inflows in dry
and normal years range from 500 to 2,500 cfs.

Lower Mokelumne River Flow at Woodbridge, 1972-1992
Pardee and Camanche Dams have markedly (Dry year is the 20th percentile year; normal year is the
changed streamflow in the lower Mokelumne 50th percentile or median year.)
River below Camanche Dam. Winter and spring
flows have been greatly reduced in all but highIrrigation diversions along the Mokelumne River
rainfall years, while summer and fall flows havebelow Camanche Dam reduce the flow in the river
increased. Flows in years with the highest rainfallduring the irrigation season, typically late March
range from 1,400 to 2,800 cfs in summer and fail,through October. The largest diversion is at
and from 2,700 to 5,100 cfs in winter and spring. Woodbridge Diversion Dam near Lodi,
In driest years, spring and summer flows rangeapproximately 15 miles upstream from the Delta.
from 120 to 250 cfs, while fall and winter flows Streamflow below Woodbridge Diversion Dam is

from 30 to 90 cfs. Spring flows in dry low in all but wet which is similar to therange years years,
historic flow pattern in the lower Mokelumne

Historical Monthly Average Flow River in late summer and fall. In driest years,
monthly average flows range from 5 to 40 cfs.
Average monthly flows in dry years range from 20
to 80 cfs. In normal flow years, spring and
summer flows range from 50 to 100 cfs. Fall flows
in normal to wet years range from approximately
200 to 800 cfs.

Fall-run chinook salmon and steelhead occur in
the Mokelumne River below Camanche Dam.
American shad and striped bass also occur in the
river below Woodbridge Irrigation Dam. Highly
variable flow and habitat conditions in the lower

Mokelumne River Flow below Camanche 1972-1992 river have resulted in widely varying populationDam,
(Dry year is the 20th percentile year; normal year is the levels of all these species. Before the completion

50th percentile or median year.)

~ ~
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of Camanche Dam in 1964, chinook salmon ~,ooo
spawned primarily between the town of Clements
and the canyon about 3 miles below Pardee Dam,

~,o~o

with a few fish spawning upstream in the canyon
below Pardee Dam and downstream between ~,ooo

Clements and Lockeford. 3,000 ....
~ooo

Mokelumne River chinook salmon and steelhead
populations have failed to consistently achieve
population levels believed possible following the
completion of Camanche Dam. The fall-run
chinook salmon population reached a peak of Fall-run Chinook Salmon Returns to Mokelumne River

slightly more than 11,000 in 1983, but declined to Fish Installation, 1964-1998.

less 410 spawners in 1991. (Note: The 11,000
spawner estimate is not considered a reliablehe California Department of Fish and Game
estimate as it was the result of an extrapolation of(DFG) (1993) recommended substantial increases
a hatchery vs naturally spawning chinookin flow releases, with specific monthly flows in
escapement regression line.) Since the 1987wet, normal, and dry years ranging from approx-
through 1992 drought, the population reboundedimately 100 cfs to 450 cfs, along with temperature
to about 7,775 spawners in 1996. objectives during the summer steelhead rearing

period. The U.S. Fish and Wildlife Service
lz0oo. (USFWS 1997) recommended evaluation of
~o,ooo~ spring flows to assist the outmigration of

juveniles. USFWS (1997) also recommended
improving fish passage at Woodbridge Dam and6,0oo ~
replenishing spawning gravels. However, neither

’~’°®~ flow recommendation was based on modeling
2,ooo~ results that considered water supply, water

quality, and water temperatures.

Naturally Spawning Fall-run Chinook Salmon Returns to the EBMUD prepared a comprehensive management
Mokelumne River, 1952-1997. plan for the lower Mokelumne River in 1992 that

includes additional instream flows and non-flow
enhancement components. The Plan was

Presently, the majority of salmon spawning takesimplemented v.oluntarily by EBMUD in 1993 and
place in the 5 miles between Camanche Dam andthe Plan was further improved by implementing
Mackville Road, with 95% of the suitable spawn- components of the FERC Settlement Agreement in
ing habitat within 3.5 miles of the dam. Instream1996.
flow releases following the completion of
Camanche Dam provided insufficient habitat forUnscreened or poorly screened diversions along
anadromous fish spawniiag, rearing, and out-the lower Mokelumne River contribute to the poor
migration. Water temperature in the Mokelumnesalmon and steelhead production on the river.
River below Camanche Dam, which is importantJuvenile salmon and steelhead losses occur at the
for steelhead rearing, changes downstreamWoodbridge Irrigation District water diversion at
because of flow releases from the dam. Woodbridge Canal due to inadequate screening.

The North San Joaquin Water Conservation
District diversion, the second largest single
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diversion below Camanche Dam, is unscreened,provide habitat for 5,000 chinook salmon and the
There are also numerous unscreened smallhatchery wouldproduce 100,000 steelhead. From
irrigation diversions on the lower Mokelumne1964 through 1988, the hatchery received an
River. average annual return of 490 adult salmon and 28

adult steelhead. This has improved in recent years
Woodbridge Dam also provides conditions for with an average annual hatchery return of 1,528
predators, such as birds, squawfish, and stripedchinook salmon during 1989-1996.
bass, to prey on juvenile salmonids that pass
downstream over the dam or through the fish CALAVERAS RIVER ECOLOGICAL
ladder. The dam also impedes upstream adult MANAGEMENT UNIT
salmon and steelhead passage.

The Calaveras River enters the San Joaquin River
The amount and condition of spawning andat Stockton, draining approximately 362 square
rearing habitat below Camanche Dam may limitmiles in the foothills south of the Mokelumne
the chinook salmon and steelhead populations,River with an average annual runoff of
although based upon the results of fisheries166,000 af. The river flows through Stockton and
monitoring studies conducted since 1991,enters the San Joaquin River channel in the Delta.
EBMUD has seen no evidence that rearing habitatThe ecological unit includes the lower Calaveras
is limiting in the lower Mokelumne River.River from New Hogan Dam to the confluence
Spawning habitat for chinook salmon andwith the lower San Joaquin River.
steelhead is limited below Camanche Dam,
because gravel transport down the river has beenFlows on the Calaveras River are controlled by
disrupted by Camanche and Pardee Dams. Also,New Hogan Dam, constructed in 1964 by the U.S.
the stream channel has become armored in manyArmy Corps of Engineers (Corps) and operated by
places from lack of new gravels,.low streamflows,the U.S. Bureau of Reclamation (Reclamation).
and levees constructed for flood control. The riverThe conservation yield from the reservoir, with a
supported 3,892 chinook salmon spawners in 1996gross pool capacity of approximately 325,000 af,
and restoration since 1990 has increased is contracted for andgravel municipal agriculturaluseto
the carrying capacity by 300 spawning femaleCalaveras County Water District and Stockton
salmon (Setka 1997). Rearing habitat suffers fromEast Water District. The dam and reservoir are
a lack of riparian shade vegetation and cover,located in western Calaveras County near the town
There has also been a significant loss of riparianof Valley Springs.
and riverine aquatic vegetation along the lower
river. In including dry water The Calaveras River drainage is almost entirelymanyyears, years,
temperatures are purposely increased by drawingbelow the effective average snow level; therefore,
water off the epilimnion to provide optimumthe area receives runoff primarily as rainfall.
salmonid rearing temperatures downstream ofAbout 93% of the runoff occurs from November
Camanche Dam. This is done to increase growthto April. The valley portion of the river
rates and speed smoltification so chinook salmonhistorically experienced frequent periods of low or
will move through the Delta before being affectedno flow in late summer and early fall. However,
by high late spring water temperatures in thedeep pools in the approximately 6-mile reach from
Delta. the dam to the town of Jenny Lind now provide

suitable summer holding areas for salmon and
As mitigation for the loss of spawning habitatresident trout in all but the driest years.
between Camanche and Pardee Dams, EBMUD
constructed a hatchery below Camanche Dam.The monthly unimpaired flow pattern for the river
The river below the hatchery was expected tois typical of Sierra foothill streams, with most
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rainfall coming in winter. Streamflow varies
considerably from year to year with rainfall varia-
tions. The average annual streamflow is 240 cfs Historical Monthly Average Flow
with the peak average monthly flows of 3,000 cfs
in winter of wettest years. Summer and early fall 2~o -
flows are very low, and the channel is dry from
July through October in low rainfall years. 200 -

~ 15o -
Historical flow data below New Hogan Dam         ~
indicate a shift of the natural runoff pattem to~_           ~oo

50-0
Unimpaired Monthly Averag~ Flow

500
Lower Calaveras River Streamflow below New Hogan Dam,

400 ]970-1990 (Dry year is the 20th percentile year; normal year is
A the 50th percentile or median year.)
’~ 300

o~200
" Although winter-run chinook salmon were known

100 to occur irregularly in the Calaveras River, this
0 stock is not a focus of restoration in this ecological

management zone. The Ecosystem Restoration
Program Plan (ERPP) focuses on restoring or re-
creating ecological processes that support

Calaveras River Unimpaired Strearnflow sediment supply, stream channel meander, and
at Jenny Lind, 1970-1990 riparian and riverine aquatic habitat and

(Dry year is the 20th percentile year; normal year is the eliminating or reducing stressors. Together, the
50th percentile or median year.)

actions proposed for the Calaveras River
EcologicalUnit will benefit fall-run chinook

irrigation season releases from May throughsalmon and other fish, wildlife, and plant
September, with a slight decrease in the averageresources. New Hogan Dam operations may have
flow (220 cfs) caused by evaporation and increased the frequency of salmon runs into the
upstream diversions. Because of the relativelyCalaveras River, despite no requirements for
large capacity of New Hogan reservoir, non- minimum flow releases. Since the completion of
irrigation releases (spills) are confined to wetthe New Hogan project, returns of winter-run
years. In the highest rainfall years, averagechinook salmon to the river were documented in
monthly flows range from 1,400 to 2,800 cfs from 1972, 1975, 1976 (tidewater only), 1978, 1982
November through April. Irrigation season (tidewater only), and 1984. Physical habitat
releases generally range from 150 to 250 cfs,conditions are adequate for salmon spawning and
except in the driest years, when releases onlyrearing, which includes abundant spawning gravel
average 60 to 80 cfs from May through August.and a dense riparian canopy. Streamflow is the
Non-irrigation season minimum flows areprincipal limiting factor.
generally 30 to 90 cfs, except in drier years, when
they average only 30 cfs or less. Another limiting factor is loss of juvenile salmon

into water diversions downstream of New Hogan
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I Dam. Stockton East Water District’sdiversion is native fishes, sandhill cranes, and migratory
presently unscreened. There are several otherwaterfowl; migration corridors are improved for

I unscreened diversions along the river, aquatic and terrestrial species; and riparian and
stream channel habitats are restored.

Diversion channels that carry Calaveras River

I water and act as migratory routes for salmonThe vision focuses on improving streamflows and
below Bellota Dam include the original Calaverasstream channel and gravel recruitment processes
River channel, Mormon Slough, and the Stocktonneeded to support habitat for anadromous

I Diverting Canal. In some years, typically insalmonids and other fish species. It also focuses
March, partial or complete blockage of adult on restoring tidal wetlands, floodplains, seasonal
salmon migration coincides with placing approx-floodplain inundation, and natural flood regimes.

I imately 30 temporary irrigation dams in theseOn the lower Mokelumne River, restoration will
channels. Adult salmon are prevented fromfocus on habitat for fall-run chinook salmon and
reaching deep pools and spawning gravel abovesteelhead. On the Calaveras River, the emphasis

I Bellota Dam and are subject to poaching belowwill be on providing the opportunity for fall-run
the flashboard dams. Two of the diversionchinook salmon to successfully spawn and
structures, Clements Dam and Cherryland Dam,providing juveniles the opportunity to successfully

i have been identified as barriers to salmonemigrate from the system. On the Cosumnes
movement. The Bellota Dam (weir) blocks River, the focus will be on restoring floodplain
upstream salmon migrants at flowsbelow processes, seasonally flooded habitat, tidal

I approximately 200 cfs. wetlands, splittail and chinook salmon rearing
habitat, sandhill crane habitat, and establishing an

VISION FOR THE extensive riparian and riverine aquatic corridor.

I Throughout the basin, restoring and protecting a
ECOLOGICAL self-sustaining, diverse riparian community will

MANAGEMENT ZONE be emphasized to maintain nutrient and woody

I debris input to the aquatic system, enhance bank

The vision for the Eastside Delta Tributariesstability and stream shading, and provide valuable

Ecological Management Zone is to improve thehabitat for a variety of wildlife species.

I values of the rivers and riparian zones as fish and
wildlife corridors from the delta to the upland and The ERPP envisions that the fish, wildlife, and
upstream habitats; restore tidal wetlands; createriparian needs of the East Delta Tributaries

I and maintain permanent freshwater marshes,Ecological Management Zone will be met and an

seasonal wetlands, floodplain habitat, spawningacceptable level of ecosystem health will be

areas for splittail, and rearing, spawning, andachieved when the following visions have been

I foraging habitat for fall-run chinook salmon andsatisfactorily attained.

steelhead. Elements to reach this vision include
improved streamflow patterns and water VISIONS FOR ECOLOGICAL

I temperatures, reconnecting the river with its MANAGEMENT UNITS
floodplain, restoring riparian and riverine aquatic
habitat, reducing loss of salmon and steelhead and COSUMNES RIVER ECOLOGICAL
other young fish at unscreened diversions, and MAN/~GEMENT UNIT
reducing fish passage problems at diversion dams.
Ecological health will be attained when levees areThe vision for the Cosumnes River Ecological
modified to allow seasonal floodplain inundation;Unit is to restore floodplains, seasonally flooded
chinook salmon and steelhead populations reachhabitat, tidal wetlands, splittail and chinook
target levels; habitat is improved for residentsalmon rearing habitat, sandhill crane habitat, and

I
~ ~
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a riparian plant community. The fall-run chinooksetbacks will allow natural river meanders to form
salmon population can be sustained throughand associated habitats to thrive. Greater flood-
improvements in streamflow, channel andplain width between levees reduces the need for
floodplain morphology, spawning and rearingchannel straightening and bank armoring at the
habitat, fish passage at diversion dams, andexpense of aquatic and riparian habitat. Floodplain
reducing losses to unscreened diversions andland could continue to be farmed within the
illegal harvest, levees, or conservation easements could be

acquired to expand riparian forest and seasonal
The vision for the Cosumnes River includeswetland habitats along the river.
improved streamflow and riparian habitat,
modified floodplain and channel conditions,Sandhill crane roosting and foraging habitat in the
reduced fish passage problems and unscreenedlower Cosumnes River will be protected by land
diversions. These actions will improve habitatacquisition through in-fee purchase or easement.
conditions for fall-run chinook salmon and other
wildlife species. The flow regime is the primary MOKELUMNE RIVER ECOLOGICAL
factor affecting the size of the Cosumnes River MANAGEMENT UNIT
salmon run. In drier years, the early portion of the
run experiences difficulty negotiating the shallowThe vision for the Mokelumne River Ecological
bar and shoal areas. Unit is to support self-sustaining fall-run chinook

salmon and steelhead populations by improving
Although there are only minor water storagestreamflows, riparian and SRA habitat, natural
reservoirs on the Cosumnes River, streamflowssediment supply and gravel recruitment, and fish
are reduced by numerous small water diversionspassage; reducing predation and illegal harvest;
and the lowering groundwater table. Most water iseliminating unscreened and poorly screened
diverted from the first rains in the fall throughdiversions; and improving and upgrading hatchery
early summer, coinciding with instream flowfacilities and management strategies.
needs for fall-run chinook salmon. Minimum
instream flow during the salmon spawning andThe vision for the Mokelumne River includes
rearing season may be needed. Additionalimproved streamflow, gravel recruitment, flood-
streamflow is needed in dry and normal years toplain configuration, fish passage, salmon
ensure survival of downstream migrating juvenilespawning and rearing habitat, riparian habitat,
salmon, screening of diversions, and enforcement of

fishing regulations. Under this vision, the
Also important to restoration will be removingMokelumne River would better support naturally
existing levees and constructing set back levees,spawning steelhead trout, fall-run chinook salmon,
implementing improved land management andAmerican shad, and resident native fishes. For the
livestock grazing practices along stream/riparianMokelt~mne River, this means improving flows
zones, fish passage improvements at small dams,from spring through fall below Camanche and
screening water diversions, and improving gravelWoodbridge dams. Higher and more natural flows
recruitment and riparian habitats, will help steelhead move upstream during their

traditional migrations in late winter and spring.
Riparian and aquatic habitat quality andHigher flows will benefit downstream migrating
distribution will be improved by expanding thejuvenile fall-run chinook salmon and steelhead, as
width of the river floodplain through a program ofwell as juvenile salmon and steelhead migrating
levee setbacks. In combination with other effortsout of the Sacramento and San Joaquin Rivers and
to improve floodplain safety and levee manage-their tributaries through the Delta. These flows
ment on the lower Cosumnes River, leveewill also benefit stream channel and riparian
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vegetation processes in the lower river, which in VISIONS FOR ECOLOGICAL
turn will benefit the fish.

I PROCESSES

Habitat improvements in the lower Mokelumne
CENTP,~d. VALLEY STREAMFLOWS: InstreamRiver will improve natural production of these

I same anadromous fish. Improved spawningflows are inadequate and need to be supplemented

habitat will increase young salmon and steelheadwhere possible, consistent with existing agree-

production. Improved stream channel and riparianments. Increased flows would help restore

vegetation will increase juvenile salmon andecological processes and functions that maintain

steelhead survival. Floodplain stream channel andhabitats for important aquatic and terrestrial

habitat improvements will also benefit salmon andspecies. The vision is that instream flows will be

I steelhead by providing valuable seasonal rearingat levels that support restored ecological processes

habitat, and functions that maintain important fish,
wildlife, and plant communities and their habitats.

I CALAVERAS RIVER ECOLOGICAL
MANAGEMENT UNIT

COARSE SEDIMENT SUPPLY: The input of
sediments into the riverine systems below major

I The vision for the Calaveras River Ecological Unitdams is inadequate to maintain ecological health.

is to restore and maintain important ecologicalThe vision is that gravel recruitment, transport,

processes that support a sustainable migrationand cleansing processes will be restored,

corridor for fall-run chinook salmon and otherreactivated, or supplemented to a level that
I terrestrial and aquatic species and their upstreamsupports habitat for anadromous and other native

habitat, fish populations and sustains self-regenerating
riparian and riverine plant communities.

i The vision for the Calaveras River includes
improved streamflow, gravel recruitment, flood- NATURAL FLOODPLAIN AND FLOOD

plain configuration, fish passage, riparian and
PROCESSES: Natural river-floodplain interaction

I has been impaired by the construction of dams and
stream channel habitat, screening of diversions,levees. This seasonal inundation is needed to
and enforcement of fishing regulations. Properpromote ecological health and restoration of
conditions will maintain more consistent fall-runimportant species. The vision is that floodplainschinook runs. along the Cosumnes, Mokelumne, and Calaveras

Rivers will be expanded, reconnected to their

i Restoring instream flows adequate to maintainchannels, and seasonally inundated by increased
anadromous fish habitat will be the focus element,stream flows. These actions will support naturalMaintaining an adequate water temperature       riparian regeneration and nutrient input to the

i
regime, improving fish passage at irrigation dams,Delta and help create seasonal habitat for splittail
and reducing entrainment at water diversions willspawning and the rearing and emigration of
also be important, juvenile fish.

I Physical habitat conditions are adequate forCENTRAL VALLEY STREAM
salmon spawning and rearing, including abundantTEMPERATURES: High stream temperatures
spawning gravel and a dense riparian canopy,limit or interrupt the natural life cycle of aquatici With appropriately timed flows and other organisms. The vision is that water temperatures
improvements, fall-run chinook salmon could bebelow major dams will be suitable for maintaining
maintained moreconsistently, important aquatic organisms and biological

I functions, such as chinook salmon and steelhead

i
~ c.~m)

Volume I1: Ecosystem Restora~’on Program Plan
~T~ Eastside Delta Tributaries Ecological Management Zone Vision

~ ~ June 1999

I 364

C--01 9794
C-019794



spawning, egg development, and fry and juvenileand velocity; channel gradient and stability; food;
rearing and emigration, cover and habitat complexity; space; access and

and flood plain and habitat connectivity.passage;
VISIONS FOR HABITATS

VISION FOR REDUCING OR
SEASONAL WETLAND HABITAT: The vision ELIMINATING STRESSORS
is that increased seasonal flooding of leveed lands,
use of the Butte Sinks’s natural flood detentionWATER DIVERSIONS: The vision is to
capacity, protection and enhancement of existingcontribute to adult fish survival and return by
wetlands, and development of cooperativereducing the loss of juvenile aquatic organisms
programs with local landowners will contribute tointo water diversions.
increased habitats for waterfowl and other wetland
dependent fish and wildlife resources such asDAMS AND OTHER STRUCTURES: The vision
shorebird, wading birds, and the giant garteris to contribute to restoring chinook salmon and
snake, steelhead by improving up- and downstream fish

passage at diversion structures.
RIPARIAN AND RIVERINE AOUATIC
HABITATS: Riparianplant communities INVASIVE RIPARIAN AND MARSH PLANTS:
important to a healthy ecosystem and contribute inThe vision is to support riparian regeneration by
many ways to sustaining fish and wildlifecontrolling invasive (non-native) plants so that
populations. The vision is to restore diverse, self-they do not impair efforts to restore natural
sustaining riparian and shaded riverine aquaticriparian and riverine plant communities.
habitat along the lower reaches of the Cosumnes,
Mokelumne, and Calaveras Rivers. PREDATION AND COMPETITION: The vision

is to contribute to restoring naturally spawning
FRESHWATER FISH HABITAT: Freshwater fish chinook salmon and steelhead populations by
habitat is an important component needed tomodifying hatchery practices and instream
ensure the sustainability of resident native andstructures to reduce rates at which juvenile
anadromous fish species. The streams of thesalmonids fall prey topredators.
Eastside    Delta    Tributaries Ecological
Management Zone are typical of a fall chinookCONTAMINANTS: The vision is to reduce fish
salmon spawning stream (Moyle and Ellisonand wildlife losses due to pesticides,
1991). The quality of freshwater fish habitat inhydrocarbons, heavy metals, and other toxins and
these streams will be maintained through actionscontaminants.
directed at streamflows, coarse sediment supply,
stream meander, natural floodplain and floodHARVEST OF FISH AND WILDLIFE-" The vision
processes, and maintaining and restoring riparianis to contribute to restoring important resident,
and riverineaquatichabitats, estuarine, and anadromous fish species by

managing legal and illegal harvest to protect
ESSENTIAL FISH HABITAT: The Mokelumne, naturally spawning fish.
Cosumnes, and Calaveras rivers have been
identified as Essential Fish Habitat (EFH) basedARTIFICIAL PROPAGATION OF FISH: The
on the definition of waters currently or historicallyvision is to improve and balance natural chinook
accessible to salmon (National Marine Fisheriessalmon and steelhead production in the
Service 1998). Key features of EFH to maintain orMokelumne River with hatchery produced
restore in these streams include substratepopulations.
composition; water quality; water quantity, depth

~ GU.Fm
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!
VISIONS FOR SPECIES ¯ improving streamflows for passage,

spawning, rearing and emigration,

I SPL|TTAIL: The vision for splittail is to recover
this federally listed threatened species. The vision̄ improving gravel recruitment,
is to contribute to split-tail restoration by

I improving the riparian and stream meander̄ providing water temperatures needed for
corridors and natural floodplains along the successful egg incubation and rearing,
Cosumnes and Mokelumne Rivers. The value ofi the seasonal habitat will be improved by late-̄ increasing riparian and riverine aquatic
winter and early-spring streamflows to provide habitat,
attraction flows for spawning adults and increased

I spawning habitat. ¯ reducing or eliminating unscreened diver-
sions, sources of contaminants, and

CHINOOK SALMON: The vision for chinook

i salmon is to recover all stocks presently listed or̄ operating Mokelumne River Fish Facility to
proposed for listing under ESA or CESA, achieve improve and protect naturally spawning fish.
naturally spawning population levels that support

I and maintain ocean commercial and ocean and~TIVE RESIDENT FISH SPECIES: The vision
inland recreational fisheries, and that use fullyfor resident fish species~is to increase their
existing and restored habitats. The vision is toabundance and distribution by implementing

I assist in fall-run chinook salmon restoration by:actions to improve stream channel, floodplain, and
riparian processes.

¯ improving streamflows forpassage,

I spawning, rearing, and emigration GIANT GARTER SNAKE: The vision for giant
garter snake is to contribute to the recovery of this

¯ improving gravel recruitment, State and federally listed threatened species in

I order to contribute to the overall species richness
¯ providing water temperatures needed for and diversity. The vision for giant garter snake is

successful egg incubation and rearing, to maintain or expand existing populations by
improving stream channel, floodplain, and riparian

I ¯ increasing riparian and riverine aquaticprocesses.
habitat,

WESTERN POND TURTLE-’- The vision for the
i ¯ reducing or eliminating unscreened diversionswestern pond turtle is to maintain and restore their

and sources of contaminants, and abundance and distribution by maintaining or
expanding existing populations by improving

i ¯ operating Mokelumne River Fish Facility to stream channel, floodplain, and riparian processes.
improve and protect naturally spawning fish.

SWAINSON’S HAWK: The vision for
I STEELHEAD TROUT: The vision for steelhead Swainson’s hawk is to contribute to the recovery

trout is to recover this species listed as threatenedof this State-listed threatened species. The vision
under ESA and achieve naturally spawningfor Swainson’s hawk is that actions in the Eastside

I populations of sufficient size to support inlandDelta Tributaries Ecological Management Zone to
recreational fishing and that use fully existing andimprove nesting and foraging habitat will

restored habitats. The vision is to assist in ofcontribute to overall species recovery.

steelhead trout restoration by:
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GREATER SANDHILL CRANE: The vision for integrating local land use plans that embrace and
the greater sandhill crane is to contribute to thefoster the objectives of ERPP.
recovery of this California species of special
concern. The vision includes contributing to theirLong-term efforts that will enhance the vision for
recovery by improving foraging and restingthe Eastside Delta Tributaries Ecological
habitaL Management Zone and provide durable ecosystem

restoration involve developing and implementing
WATERFOWL: The vision for waterfowl is to watershed management plans by land use agencies
maintain and restore healthy populations at levelsand evaluating flood management options.
that can support consumptive (e.g., hunting) and
nonconsumptive (e.g., birdwatching) uses. Many COSUMNES RIVER PROJECT
species of resident and migratory waterfowl will
benefit from improved aquatic, wetland, riparian,The Cosumnes River Project is a multi-agency
and agricultural habitats. Increase use of theeffort to restore and protect the Cosumnes River
Eastside Tributaries Ecological Managementecosystem. The Cosumnes River Project
Zone. Improved seasonal wetlands andencompasses a 10,695-acre project area. Parmers
floodplain/stream interactions will be beneficialin this effort include The Nature Conservancy,
not only to waterfowl but other fish and wildlife Bureau of Land Management, County of
resources. ~ Sacramento, Department of Water Resources,

Department ofFish and Game, Ducks Unlimited,
PLANT SPECIES AND COMMUNITIES: The Environmental Protection Agency, Wildlife
vision for plan species and communities is toConservation Board, and the American Farmland
protect and restore these resources in conjunctionTrust. Actions sponsored by the Cosumnes River
with efforts to protect and restore wetland andProject will complement efforts undertaken by the
riparian and riverine aquatic habitats. ERPP to restore ecological health of the

Cosumnes River Ecological Unit.

INTEGRATION WITH
CENTRAL VALLEY PROJECT

OTHER RESTORATION IMPROVEMENT ACT
PROGRAMS

Restoring and maintaining ecological processes

Attaining the vision for the Eastside Deltaand functions in the Eastside Delta Tributaries

Tributaries Ecological Management Zone includesEcological Management Zone will augment other

near-term funding and implementing actions toimportant ongoing and future restoration efforts

achieve thetargets. This includes managingwaterfor the zone. The program proposed by the

project operations, purchasing in-title or landCVPIA will complement efforts of the USFWS’

easements from willing sellers, cooperativelyAnadromous Fish Restoration Program. The goal

developing and implementing a phased fishof the program is to double the average number of

screening program, acquiring and placing gravelanadromous fish that was produced naturally in

in the stream channel, and the performingthe system from 1967through 1991.

engineering feasibility and design studies to
improve fish passage at diversion structures. CALFED BAY-DELTA PROGI~u’~!

Along with the near-term actions, the visionCALFED has funded eight ecosystem restoration

includes cooperation and support of existingprojects in the Eastside Delta Tributaries

ecosystem and species restoration efforts andEcological Management Zone. One of the more

programs. Parallel efforts include developing andsignificant projects is the design and construction
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I
of fish screens and ladders at the Woodbridgefor the restoration measures included in the
Irrigation District diversion on the Mokelumne visions.

I River.
CENTRAL VALLEY HABITAT JOINT

SALMON, STEELHEAD TROUT AND VENTURE

I ANADROMOUS FISHERIES PROGRAM
ACT (SB 2261 ) The Central Valley Habitat Joint Venture and the

North American Waterfowl Management Plan

I The vision will also help the DFG reach its goal ofhave developed objectives for wetlands in the
doubling the number of anadromous fish that wereEastside Delta Tributaries Ecological
produced in 1988. Management Zone. These objectives are

I consistent with the ERPP targets developed for
JOINT SETTLEMENT AGREEMENT this ecological management zone.
BETWEEN EAST BAY MUNICIPAL

I UTILITY DISTRICT, U.S. FISH AND LINKAGE TO OTHER
WILDLIFE SERVICE, AND CALIFORNIA
DEPARTMENT OF FISH AND GAME ECOLOGICAL

I This agreement protects and maintains the purpose
MANAG EM ENT ZoN ES

of the EBMUD’s Mokelumne River Project, The ecosystem health of the Eastside Delta

I protects the anadromous fishery and lowerTributaries Ecological Management Zone depends
Mokelumne River ecosystem, and encourageson conditions in the Sacramento-San Joaquin
cooperative action to achieve and maintain theDelta Ecological Management Zone. Because

i objectives. The agreement contributes to thethese tributaries are directly linked to the Delta,
overall effort to improve the ecological health ofstressors there (entrainment, water quality) have a
the Mokelumne River Ecological Unit bysignificant effect on resources, such as

I establishing a $2 million partnership fund,anadromous fish, in this zone. Conditions in San
encouraging voluntary participation of localFrancisco Bay and the Pacific Ocean can also
interests, establishing a lower Mokelumne Riverhave a significant effect on anadromous fish.
stakeholders group, and recommending ecosystem

i           protection and improvement priorities.                Reducing or eliminating stressors in the down-
stream ecological management zones will be

i Efforts in the Eastside Delta Tributariesimportant in restoring healthy fish and wildlife
Ecological Management Zone will requirecommunities in the Eastside Delta Tributaries
cooperation from resource agencies, such as DFG,Ecological Management Zone.
the California Department of Water Resources

I (DWR), California Department of Forestry and
Fire Protection, State Water Resources Control
Board, USFWS, USFS, U.S. Bureau of Land

I Management and the National Marine Fisheries
Service (NMFS), as well as participation and
support from the Corps, Reclamation, Natural

i Resource Conservation Service, other private
organizations, water districts, and individual land
owners. These groups are expected to work

i together to restore and maintain ecosystem health
in this zone. This program may provide funding

I
~ cam~
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RESTORATION TARGETS developing new water supplies within the Central
Valley basin, water transfers, and from willing

AND PROGRAMMATIC sellers.

ACTIONS
PROGRAMMATIC ACTION 2B: Maintain or
enhance summer and fall base flows on the

ECOLOGICAL PROCESSES Mokelumne River by developing new water
supplies and by purchases from willing sellers.

CENTRAL VALLEY STREAMFLOWS

TARGET 3: The target also is to provide
TARGET 1 : For the Cosumnes River, where a enhanced streamflows below Woodbridge Dam by
natural streamflow pattern presently exists with providing minimum flows recommended by DFG
natural winter and spring streamflows, the target in dry years: 200 cfs from November 1 through
is to maintain or restore natural summer and fall April 14; 250 cfs from April 15 through April 30;
base flows (~,). 300 cfs in May; and 20 cfs from June 1 through

October 31. In normal years, minimum flows
PROGRAMMATIC ACTION 1 A: Improve should be 250 cfs from October 1 through October
summer and fall base flows on the Cosumnes 14; 300 cfs from October 15 through February 29;
River by developing new water supplies along the 350 cfs during March; 400 cfs during April; 450
river and by purchases from willing sellers, cfs during May; 400 cfs during June; 150 cfs

during July; and 100 cfs during August and
PFIOGR/~d~II~TIC ACTION 1 B-" Cooperatively September. In wet years, minimum flows should
develop a program to minimize or eliminate be 300 cfs from June 1 through October 14; 350
unpermitted water diversions on the Cosumnes cfs from October 15 through February 29; 400 cfs
River, and review water allocation for the entire in March; and 450 cfs during April and May (,).
basin.

PROGRAMMATIC ACTION 3A: Cooperatively
PROGRAIVIlVI/~TIC ACTION I C: Cooperatively evaluate the potential for minimizing water supply
develop a groundwater replenishment program to impacts by replacing the diversions at
raise the water table in the Cosumnes River Woodbridge with other Delta diversions.
floodplain.

PROGRAMMATIC ACTION 3B: Cooperatively
TARGET 2-" The target for the Mokelumne River develop a program to minimize or eliminate
is to provide conditions to maintain the fishery unpermitted water diversions on the Mokelumne
and riparian resources in good condition by River.
implementing and evaluating the flow regime in
the Joint Settlement Agreement (JSA) for TARGET 4: A flow event should be provided in
Mokelumne River. The JSA provides increased late April or early May, averaging 500 to 1,000
flows below Camanche Dam beyond present cfs in dry years, 1,000 to 2,000 cfs in normal
requirements, which will benefit the fishery and years, and 2,000 to 2,500 cfs in wet years (~).
riparian resources of the lower Mokelumne River
(~’~’)" PROGR/MVIM~TIC ACTION 4A: Develop a

cooperative feasibility study of opportunities to
PROGRAMMATIC ACTION 2A: Provide target provide spring flow events.
flows for Mokelumne River storage releases, but
only if there are sufficient inflows into storage TARGET 5: For the Calaveras River, where the
reservoirs and carryover storage to meet target natural streamflow has been greatly altered,
levels. The additional water would be obtained by

~ ~
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streamflows should be enhanced below New and Wildlife Service 1995). Most water is diverted
Hogan Dam by the minimum flows recommended from the first rains in the fall through early
by DFG (~). coinciding with instream flow needs forsummer,

fall-run chinook salmon. USFWS recommended
PROI~R/M~MATIC AG"rION 5A: Provide target an evaluation of instream flow requirement to
flows for the Calaveras River from storage ensure adequate flowsfor all life stages of all
releases, but only if there are sufficient inflows salmonids.
into storage reservoirs and carryover storage to
meet target levels. The additional water would be DFG (1993) recommended revised minimum flow
obtained by developing new water supplies within schedules for the lower Mokelumne River. In
the Central Valley basin, water transfers, and from 1996, the Principles of Agreement was signed
willing sellers, between EBMUD and the resource agencies. The

POA provides significantly improved fish flows for
PROGR/MVIM~TIC ACTION fiB." Cooperatively the Mokelumne River (including higher minimum
develop a program to minimize or eliminate flows below Camanche Dam) and gainsharingfor
unpermitted water diversions on the Calaveras additional flows between EBMUD and the
River. environment. It incorporates a broader ecosystem

approach for managing the Mokelumne River
PROGRAMMATIC ACTION 5C-" Cooperatively resources.

evaluate the potential for resizing criteria at New
Hogan Reservoir on the Calaveras River to yield The JSA flows for the Mokelumne River follow.
additional water for instream flow needs while
maintaining or improving flood control ¯ In normal and above normal water years, the
requirements, agreed upon flows at Camanche Dam are 325

cfs from October 1 to June 30, 100 cfs in July,
PROGRAMMATIC ACTION 5D: A flow event August, and September.
should be provided in late February or early
March, averaging 100 to 200 cfs in dry years, 300 ¯ In below normalyears, the agreed uponflows
to 400 cfs in normal years, and 600 to 800 cfs in at Camanche Dam are 250 cfsfrom October
wet years. Such flows would be provided only 1 through dune 30, and lO0 cfs in July, august
when inflows to New Hogan Reservoir are at and September.
these levels

¯ In dry years the agreed upon flows at
RArlOAtm.~. Inadequate instream flows have Camanche Dam are 220 cfs from October 1
been identified as a limiting factor for through May 31, and 100 cfs in June, July,
anadromous fish and other aquatic resources in August, and September.
the eastside Delta tributary streams. For example,
the Cosumnes River receives most of its water ¯ In critically dry years the recommended flows
from rainfall due to the low elevation of its at Camanche Dam are 100 cfsfrom October
headwaters and the lower reaches of the river are I through 15, 130 cfs from October 16
often dry until the fall rains occur. As a result, through April 30, and 100 cfs in May, June,
adult fish must await the runoff following rains in July, August, and September.
late October and November before ascending to
the spawning areas between Michigan Bar and Although the I993 DFG flows for the Mokelumne
Sloughhouse. Although there are no water storage River are presented as enhancement targets to be
reservoirs the Cosumnes River, there are 157 achieved when possible, these levels needon target
registered appropriative water rights (U.S. Fish further review and should be a subject of adaptive
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1
management and focused research. The DFG Mokelumne River, consistent with adaptive 1
flows were not developed with full consideration management.
of upstream water quality, reservoir storage, and 1
water temperatures, which need to be addressed TARGET 2: On the Calaveras River, provide for
for a finer assessment of water availability. The the annual recruitment of 500 to 1,000 cubic yards
target flows, however, provide a possible target of gravel into the active stream channel (.~).
for further enhancement of the Mokelumne
resource. PROGP, A~’nC Ae’nON ~a,: Cooperatively

develop a program to protect all existing gravel
The Calaveras River drainage is almost entirely recruitment sources to the rivers.
below the effective average snow level and thus
receives runoff primarily as rainfall. Historically, PROGR.~dVIIV’ua,TIC AC-rFION 2B: Develop a 1
the valley portion of the river commonly cooperative program to supplement gravel with
experienced periods of low or even no flow for artificial introductions.
many days or weeks in the late summer and early
fall (California Department of Fish and Game PROGP,~dVIM~TIC ACTION 2C." Develop a
1993). Chinook salmon runs into the river were cooperative program with the aggregate (sand and
known to occur irregularly. There are currently gravel) resource industry to improve extraction ¯
no requirements to maintain flow releases for activities within the Mokelumne River floodplain.
fishery purposes.

TARGET 3: Restore gravel transport and ¯
A preliminary instreamflow study (~.S. Fish and cleaning processes to attain sufficient high quality
Wildlife Service 1993) indicated that between 50 salmon spawning habitat in each of the three
and 225 cfs, depending on time of year and water streams for target population levels (~). ¯
year type, is needed to provide spawning and
rearing habitat for chinook salmon. A complete PROGrta~nMA’rlC ACTION 3A: Develop a
instreamflow incremental methodology study is cooperative program to provide late winter or 1
needed, however, to further define flow needs, early spring flow events, as needed, to establish 1
Since the Calaveras River water supply is already appropriate flushing/channel maintenance flows.
over-allocated, the means of providing additional 1
instream flows also need to be considered. The PROGR/MVIMATIC ACTION 3B-" Facilitate fine
resizing of flood control criteria at New Hogan sediment transport by restoring, as necessary, the
Reservoir has the potential to yieM additional river channel configuration so that it is consistent
water to meet instreamflow needs, with planned flow regime and available sediment l

supply.
COARSE SEDIMENT SUPPLY

PROGRAMMATIC ACTION 3C: Develop a         1
TAnGET 1 -" On the Mokelumne River below cooperative program to improve the flexibility of
Camanche Dam, provide annual supplementationupstream reservoir management to minimize fine
of 1,200 to 2,500 cubic yards of gravel into the sediment inputs to the lower Mokelumne and
active stream channel to maintain qualityCalaverasRivers.
spawning areas and to replace gravel that is
transported downstream (~,~). PROGRAMMATIC ACTION 30-" Develop a

cooperative evaluation of mechanically cleaning
PROGR/M~MATIC ACTION 1A: Develop a spawning gravel at selected sites in lower
cooperative program to evaluate, implement, andMokelumne and Calaveras Rivers. 1
monitor sediment supplementation on the
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PROGRAMMATIC ACTION 3E: Develop a Flow regulation has reduced the frequency and
cooperative program on the Cosumnes River tomagnitude of high flow events in the lower

I relocate sand and gravel extraction activities toMokelumne River. Due to the reduction in high
areas beyond the natural stream meander corridor,flows and excessive input of fine sediments,

sediments accumulate in salmonid spawning
T/~d:IG~I" 4: Restore channel gradient and streamgravel and degrade habitat. BioSystems (1992)
profile in the Cosumnes River between Twinreported that over 70% of the substrate samples
Cities Road and Highway 16 (~.). taken in 1991 and 1992 from chinook salmon

I redds contained amounts of fine sediment less
PROGRAMMATIC ACTION 4A: Develop a than 0.48 mm in diameter, which is detrimental to
cooperative program to assess the feasibility ofegg survival (Chapman 1988). The need for

I reversing head cutting and stream channel incisionsalmonid spawning gravel restoration is also
in the Cosumnes River. identified by DFG (1993) and USFWS (1997).

RATIOI~g.E," Recruitment of suitable salmonid Gravel supplementation programs should be
spawning gravel below Camanche Dam on the subject to adaptive management, monitoring, and
Mokelumne River is minimal. Most gravel present focused research. The frequency and amount of
is in the small range of the preferred sizes us, ed by supplemental gravel will vary greatly from year to
spawning chinook salmon. Targeted levels are to year. Physical monitoring can record observable
maintain processes linked to sediment supply, changes in the size and distribution of gravel,
stream channel meander, and riparian and while biological monitoring can record use ofnew
riverine aquatic habitat. This program will be gravel by anadromous fish and invertebrates.
subject to adaptive management, focused Focused research is needed to calculate annual
research, and monitoring, and thus is considered bedload movement, gravel quality, infiltration,
short-term until a more detailed evaluation is and intragravel water quality.
completed

Mechanical means to clean gravel should be
Flood stage for the lower Mokelumne River is evaluated This could be a focused research
5, 000 cfs. Preliminary data suggest that spawn- project. Due to water quality constraints and the
ing-sized gravel for adult salmonids (DFG 1991, presence of juvenile anadromous and other fish
Bjorn and Reiser 1991) do not begin moving in the species, the window for gravel cleansing may be
lower Mokelumne River until flows of 3, 000 cfs or short. This concern should be included in the
more are reached (Envirosphere 1988). Even at feasibility analysis.
5, 000 cfs Oqood stage), larger gravel notthe does
move. Significant impacts occur to property along NATURAL FLOODPL/MN AND FLOOD
the lower Mokelumne River at f!ows above 2,500 PROCESSES
cfs. It would not be practical to place
supplemental gravel along the entire reach of the TARG~Cr "1 : Restore and improve opportunities
lower Mokelumne River because numerous roads for rivers to seasonally inundate their floodplain
would have to be constructed for access. The (~’~).
environmental impact of these roads would negate
any benefit from the addition of spawning gravel. PROGRAMMATIC ACTION 1A: Conduct a
Therefore, a gravel supplementation program on feasibility study to construct setback levees in the
the Mokelumne River wouM have to be long-term Mokelumne River floodplain in the area from
and gravel injected at the upper end The Elliot Road to Woodbridge and from Woodbridge
development of an addition gravel injection site to the mouth, including the Mokelumne forks
lower in the river might be beneficial, below the river’s mouth.
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-PROGI~,MMATIC ACTION 1 a: Restore, as historical floodplain is again functional. This
needed, stream channel and overflow basin requires a feasibilityanalysis to identify causes of
configurations within the floodplain, the stream channel degradation and identification

of potential remedial measures.
PROGRAMMATIC ACTION 1C: Minimize
effects of permanent structures, such as bridges CENTRaad. V/M.LLm¢ STRF~d~I
and diversion dams, on floodplain processes. TEMPEPO~TURES

PROGR/MUIMATIC ACTION 1D: Develop a TARGET 1 : Maintain mean daily water
floodplain management plan for the Mokelumne temperatures at or below levels suitable for all life
River. stages of fall-run chinook salmon and steelhead

PROGRAMMATIC ACTION 1E: Develop a
floodplain management plan for the Calaveras PROGrta~M~TIC Ae~aON 1A: Cooperatively
River. evaluate the feasibility of releasing sufficient

instream flows to improve temperature conditions
PROGRAMMATIC ACTION 1F-" Develop and for key resources in the Mokelumne and
implement a cooperative program to evaluate the Calaveras Rivers.
feasibility of reconnecting the Cosumnes River to
its historical floodplain in areas where the river PROGRAMMATIC ACTION I a: Establish
has become entrenched, minimum pool size at New Hogan Reservoir to

ensure cold-water releases into the Calaveras
PROGrtaM~TIC ACTION 1 G= Cooperatively River.
develop and implement a feasibility study on the
Cosumnes River to identify opportunities to PROG~MATIC AC’nON 1C: Cooperatively
improve sediment transport, stream meander, and develop reservoir and stream temperature models
maintain the natural flow pattern, for the Calaveras River to identify potential for

water temperature improvement.
I:l~TlOl~i.~: Setback levees will provide greater
floodplain inundation, room for stream meander, PROGRAMMATIC ACTION 1 D: Manage
and greater amounts of riparian forest and Pardee and Camanche Reservoirs through October
seasonal wetland habitats along the lower rivers, to maintain a cold water volume of 28,000 af
Channel configuration adjustments may be when Pardee Reservoir volume exceeds

.necessary to accelerate restoration of natural 100,000 af.
floodplain habitats and to restore and maintain
configurations that may not occur naturally due to I=ba rtOt~a~.E.- Water temperatures in the lower
remaining constraints from new setback levees. Mokelumne, Calaveras, and Cosumnes Rivers are
Permanent structures, such as bridges and diver- often at stressfully high levels for fall-run chinook
sions dams, can interrupt and impair natural salmon early in the spawning run, and again in
floodplain processes and habitat development and the spring when young salmon are migrating
succession, thus requiring removal of the downstream to the Delta. The problem is
structures, rebuilding, or some continuing main- especially acute downstream of Camanche Dam,
tenance or mitigative efforts to minimize their where water temperature depends on release
effects. Some reaches of the Cosumnes River temperature, prevailing weather conditions, and
upstream of Twin Cities Road have become flow rate. From April to mid-October, the closure
entrenched and even setback levees will not raise of Woodbridge Dam and subsequent filling of
the level of the river bed to the point where the Lake Lodi results in the slowing of flow, allowing
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I
the water to warm. Differences in water                     HABITATS
temperature between Camanche and Woodbridge

I Dams have been measured up to 16.2 °F during GENERAl- HABITAT RAT/ONAI.E
dry years (Walsh et al. 1992). Higher flow, colder
water, and riparian woodlands may reduce this Restoring seasonal wetland habitats along with

I water heating during the fall upstream spawning other aquatic, permanent wetland, and riparian
run and spring downstream migration of young to habitats is an essential element of the restoration
the Delta. strategy for the Eastside Tributaries Ecological

I Management Zone. The ecological units in this
Releases of Pardee Reservoir water into zone are closely linked to the Sacramento/San
Camanche Reservoir should coordinated to Joaquin Delta Ecological Management Zone,

I maximize the effectiveness of the Camanche particularly the East Delta Ecological Unit. The
coldwater pool Timely releases of cold water lower sections of the Eastside ecological units
from Pardee Reservoir can extend the period and overlap the East Delta Ecological Unit so it is

I increase the value of coldwater releases from important to consider habitat restoration
Camanche Reservoir. recommendations in the Delta when evaluating

needs in the Eastside Tributaries. For example,

I Water temperatures in the Calaveras River are the followingprogrammatic actions apply to the
closely associated with instream flows, reservoir East Delta Ecological Unit:
release schedules, and pool size at New Hogan
Reservoir (U.S. Fish and Wildlife Service 1993). ¯ restore 1,000 acres of shallow-water habitat
Temperatures often exceed stressful or lethal (tidal perennial aquatic habitaO at the eastern
levels for chinook salmon migration, spawning, edge of the East Delta Ecological Unit,
egg incubation, and rearing. An improved

I temperature regime could be achieved by ¯ develop 200 acres of open-water areas
maintaining a minimum pool at New Hogan (nontidal perennial aquatic habitat) in the
Reservoir and adequate instream flow releases East Delta Ecological Unit,I Fish and Service 1993). The(u.s. Wildlife
appropriate minimum pool size needs to be m develop 300 acres of shallow, open-water
determined Reservoir and stream temperature areas (nontidal perennial aquatic habitaOI computer models are also needed to identify the within restored fresh emergent wetland
potential for maintaining suitable water habitat in the East Delta Ecological Unit,
temperatures for chinook salmon and to weigh the

I conflict between coldwater releases and loss of ¯ the 10 milesin short-term, restore of slough
carryover storage necessary to provide coldwater .habitat and 30 miles in the long-term in the
releases later in the season or the following East Delta Ecological Unit,

I year(s).
¯ restore tidal action to portions of islands and

Riparian woodlands along all three rivers are tracts in the East Delta Ecological Unit with

I essential for shade to minimize heating of the appropriate elevations, topography, and
rivers. This is especially important along the water-landform conditions,
Cosumnes River, because there is no source of

I cold reservoir bottom water as there is below t~ develop tidal freshwater marshes (fresh
Camanche and New Hogan Reservoirs. emergent wetland habitat) along the upper

ends of dead-end slough in the East Delta

I Ecological Unit,
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¯ restore 1,000 acres of nontidal freshwater Wetlands that are dry in summer are also efficient
marshes (fresh emergent wetland habitat) in sinks for the transformation of nutrients and the
leveed lands designated for floodplain breakdown of pesticides and other contaminants.
overflow adjacent to the dead-end sloughs in The roughness of seasonal wetland vegetation
the East Delta Ecological Unit, filters and traps sediment and organic

particulates. Water flowing out from seasonal
¯ restore and manage at least 6, 000 acres of wetlands is typically high infoodweb prey species

additional seasonal wetland habitat and concentrations andflneparticulate organic matter
improve management of 1,000 acres of thatfeedmanyDeltaaquaticandsemiaquaticflsh
existing, degraded seasonal wetland habitat in and wildlife. To capitalize on these functions, most
the East Delta Ecological Unit, of the seasonal wetlands of the Eastside Delta

Tributaries Ecological Management Zone should
¯ restore 8 to 15 miles of riparian and riverine be subject toperiodicflooding and overlandflow

aquatic habitat in the East Delta Ecological from river floodplains.
Unit of which 40% is more that 75feet wide
and 20% over 300feet wide, RIPARIAN AND RIVERINE

AOUATIC HABITATS
¯ develop a cooperative program to restore

1,000 acres of perennial grassland in the East TARGET 1 : Restore a minimum of 1,240 acres
Delta Ecological Unit through either of self-sustaining or managed diverse natural
conservation easements of purchase from riparian habitat along the Mokelumne River, and
willing sellers, and protect existing riparian habitat (..~).

¯ generally, cooperatively manage agricultural PROGRAMMATIC ACTION 1A: Develop a
lands in a wildlife friendly manner, cooperative program to restrict further riparian

vegetation removal, and establish riparian
SF_.~SON/M.. WETI./~DS corridor protection zones.

T,a~G~r 1 : Protect existing seasonal wetlandPROGRA~MA’rlC ACTION 1B: Develop a
habitat through fee acquisition or perpetualcooperative program to implement riparian
easements (~,~). restoration activities.

PROGR/M~MATIC ACTION 1A: Develop and PROGP,/M~MATIC ACTION lc: Encourage

implement a cooperative program to improveimproved land management and livestock grazing
management of existing, degraded seasonalpractices along stream riparian zones.
wetland habitat.

PROGRAMMATIC ACTION 1 D: Purchase
FbaTtOntn.L£:Restoring these habitats will also streambank conservation easements from willing
reduce the amount and concentrations of sellers to widen riparian corridors.
contaminants that could interfere with restoring
the ecological health of the aquatic ecosystem. PROGR/M~MATIC ACTION 1 E: Develop a
Seasonal wetlands support a high production rate cooperative program to restore riparian woodlands
of primary and secondary food species and large along the entire Mokelumne River.
blooms (dense populations) of aquatic
invertebrates. TARG~=r 2: Restore a minimum of 1,240 acres

of self-sustaining or managed diverse, natural

|
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riparian habitat along the Calaveras River, andPROGRAMMATIC ACTION 3E: Develop a
protect existing riparian habitat (~). cooperative program to restore riparian woodlands

along the entire Cosumnes River.
PROGRAMMATIC ACTION 2A: Develop a

cooperative program to restrict further riparian RAT/Otg~U.E: The DFG is developing a strategy
vegetation removal. Establish riparian corridorto establish a stream corridor protection zone on
protection zones along all three rivers, the Cosumnes River to prevent incompatible land

use from affecting existing salmonid habitat.
PROGRAMMATIC ACTION 2B: Develop a Riparian vegetation along the lower Mokelumne
cooperative program to implement riparianRiver is diminishing (U.S. Fish and Wildlife
restoration activities. Service 1993), however, EBMUD and the Natural

Resources Conservation Service are developing a
PROGRAMIVI~TIC ACTION 2C: Encourage strategy for establishing a stream corridor
improved land management and livestock grazingprotection zone on the lower Mokelumne River. In
practices along stream riparian zones, many areas, there is no regeneration along the

relatively thin riparian corridor (California
PROGRAMMATIC ACTION 2D." Purchase Department ofFish and Game 1991). Riprapping
streambank conservation easements from willinglong sections of streambank has reduced tree
sellers to widen riparian corridors, growth and decreased stream shading, resulting

in increased stream temperatures (East Bay
PROGRAMMATIC ACTION 2E: Develop a Municipal Utility District 1994). Bankside erosion
cooperative program to restore riparian woodlands has potentially affected salmonid production in
along the entire Calaveras River. several areas where livestock grazing is

permitted.
TARGET 3: Restore a minimum of 1,240 acres
of self-sustaining or managed diverse, natural FRESHWATER FISH HABITAT AND
riparian habitat along the Cosumnes River, and ESSENTIAL FISH HABITAT
protect existing riparian (~).habitat

T,ad~G~I" "1 : Maintain and improve existing
PROGRAMMATIC ACTION 3A: Develop a freshwater fish habitat and essential fish habitat

to restrict further riparian through the integration of actions described forcooperativeprogram
vegetation removal, and establish riparian corridorecological processes, habitats, and stressor
protection zones, reduction or elimination.

PROGRAMMATIC ACTION 3B-" Develop a PROGRAMMATIC ACTIONS: No additional
cooperative program to implement riparianprogrammatic actions are recommended.
restoration activities.

RArtONAtE: Freshwater fish habitat and
PROGRAMMATIC ACTION 3C: Encourage essential fish habitat are evaluated in terms of
improved land management and livestock grazingtheir quality and quantity. Actions described for
practices along stream riparian zones. Eastside    Delta Tributaries Ecological

Management Zone ecological processes, stressor
PROGRAMMATIC ACTION 3D: Purchase reduction, and riparian and riverine aquatic
streambank conservation easements from willinghabitat should suffice to maintain and restore
sellers to widen riparian corridors, freshwater fish habitats. For example, maintaining

freshwater and essential fish habitats is governed
by actions to maintain streamflow, improve coarse

~ Cu.F~
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sediment supplies, maintain stream meander, areas and the river mouth are a potential threat to
maintain or restore connectivity of streams in this juvenile salmon.
zone and their floodplains, and in maintaining
and restoring riparian and riverine aquatic Stockton East Water District has an appropriative
habitats, water right to divert up to 100 cfs from the

Calaveras River. This diversion is .currently
STRI::SSORS unscreened. There are several other unscreened

diversions along the river. It is probable that
WATER DIVERSION juvenile salmon losses occur during years when

chinook salmon enter and spawn in the Calaveras
TARGET ’1 : Install fish screens representing the River (California Department offish and Game

best available technology and operational 1993).
constraints, as necessary, to minimize losses in
diversions that limit the recovery of fish On the lower Mokelumne River, more than 90
populations (.~.). pumps withdraw water from the river between

Camanche Dam and the Delta. Few, if any, are

PROGRAMMATIC ACTION 1A: Consolidate screened to prevent fish entrainment (BioSystems

diversions, seek alternative water sources, and 1992). The Woodbridge Irrigation District (WID)

install a permanent fish screen at North San diversion at Woo.dbridge Canal allows juvenile
Joaquin Conservation District diversion on the chinook salmon and steelhead losses, because the
lower Mokelumne River. screen does not meet present DFG criteria for

approach velocity and mesh size, nor does it
PROGRAM~a,TIC ACTION ’1 B: Improve fish effectively screen the opening of the diversion
screens and the fish bypass system at Woodbridge (California Department offish and Game 1993).

Dam on the lower Mokelumne River. North San Joaquin Water Conservation District is
the second largest diversion below Camanche

PROGRm~nMATIC ACTION "1 C: Evaluate the Dam; temporary fish screens were installed in
feasibility of installing state-of-the-art screens on 1993 (~.S. Fish and Wildlife Service 1995).
small pump diversions.

Most Cosumnes River diversions are unscreened
PROGRAMMATIC ACTION 1 D: Develop a and likely entrain juvenile salmonids (U.S. Fish

cooperative program to operate temporary screens and Wildlife Service 1995).
at diversions where juvenile salmon rear or during
seasons when they pass the diversion site. Screening or eliminating diversions from areas

where juvenile salmon are rearing or actively
PROGRAMMATIC ACTION 1 E." Consolidate and migrating will increase production of naturally

install screens on diversions in the Cosumnes produced juvenile salmon from these three

River. streams.

RATIONALE: On the lower Calaveras River, DAMS AND OTHER STRUCTURES
most of the existing diversions are not screened or
are inadequately screened (California Department TARGET 1 : Improve anadromous fish passage at

ofFish and Game 1993). Nearly all water in the dams and diversion structures (,~).
river is diverted, especially in the summer and fall
of drier years. During the winter and spring, PROGRAMMATIC ACTION 1A: Develop a

unscreened diversions between the spawning cooperative program to evaluate the need for

¯
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passage improvements at small dams on the lowerapproximately 30 temporary irrigation dams in
Cosumnes River. these channels. Fish are prevented from reaching

the deep holding pools and spawning gravel
PROGI~aa~I~TIC ACTION 1 B: Cooperatively above Bellota and are subjected to poaching
improve fish passage at WID diversions and Lakebelow the flashboard dams. Reclamation Board
Lodi on the lower Mokelumne River. Permit No. 7594 (August 27, 1971) requires that

some of the flashboards and slide gates be
PROGRAMMATIC ACTION 1 C: Cooperatively removed from the channel prior to November 1 of
isolate the City of Lodi’s Recreational Lake Lodi each year and not replaced before April 15. Two
on the lower Mokelumne River to improve adult of the diversion structures, Clements Dam and
salmon and steelhead passage and juvenile fishCherrylandDam, have been identified as barriers
survival, to salmon movement and require fish passage

facilities. The Bellota Dam (weir) has also been
PROGRAMMATIC ACTION 1 D: Develop a known to block upstream salmon migrants at flows
cooperative program to provide fish passage atbelow approximately 200 cfs (California
temporary irrigation dams in the Calaveras River,Department of Fish and Game 1982). In some
Mormon Slough, and the Stockton Divertingyears, salmon have been observed in the tidewater
Canal. reach, apparently unable to move upstream at

l̄owerflows. Juvenile salmon have troublefinding
PROGRAMMATIC ACTION 1 E-" Develop a the downstream outlets to the dam and fish ladder.
cooperative program to install fish passage
facilities at Bellota Weir, Clements Dam, and IINVASIVE RIP/~RI/~N AND M/Id~SH
Cherryland Dam on the Calaveras River, and PLANTS
provide passage flows.

TARGL~I" "1-" Reduce the adverse effects of
R,~TtOt~aa.E," Small flashboard dams and some invasive riparian plants on native species and
illegal dirt and gravel dams exist on the lower" ecosystem processes, water quality and

three rivers (L~.S. Fish and and major rivers and theirportionsof the Wildlife conveyancesystems,
Service 1997). These dams may impede up- and tributaries (~,).
downstream chinook salmon migration. On the
lower Mokelumne River, Woodbridge Dam and PROGRAMMATIC ACTION 1A: Develop and
the WID diversion may kill fish or delay implement a coordinated control program to
downstream migrating juvenile salmonids and reduce or eliminate invasive plant species from the
upstream passage of adult salmonids. DFG (1993) riparian corridor along the Cosumnes,
and USFWS (1997) recommended evaluating Mokelumne, and Calaveras Rivers.
improvements to the existing fishway on
Woodbridge Dam. i~ rlo~g£: Non-native plant species, such as

Arundo, also known as giant reed or false
The channels that carry Calaveras River water, bamboo, can be highly invasive, fast-growing
and are migratory routes for salmon below plants that outcompete and displace native
Bellota Dam, include the original Calaveras River riparian vegetation. These plants restrict water
stream channel, Mormon Slough, and the Stockton flow, increase sedimentation, and form large
Diverting Canal (into which drains Mormon debris piles in streams and rivers. Arundo has
Slough) (California Department ofFish and Game been introduced into the watersheds of the
1993). In some years, typically in March, partial Eastside Delta Tributary Ecological Management
or complete blockage of the adult salmon Zone. Its presence is impairing existingriparian
migration coincideswiththeannualplacementof communities and will likely hinder riparian
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¯
corridor restoration. Riparian regeneration Pardee and Camanehe Reservoirs that optimize
programs will require a coordinated approach to water quality below Camanche Dam.
controlling invasive or non-native species through
public education and chemical, biological, and PROGRAMMATIC ACTION 1 B: Support
mechanical methods, implementation of the cooperative agreement for

the long-term remediation of Penn Mine
PREDATION AND COMPETITION contamination.

TARGET 1 : Reduce predation level on juvenile TARGET 2: Reduce the input of nonpoint source
salmonids below Woodbridge Dam on the lower contaminants into the Mokelumne River (,,).
Mokelumne River (,,~).

PROGRAMMATIC ACTION 2A: Develop an
PROGRAMMATIC ACTION 1A: Develop a integrated program to coordinate and minimize
cooperative program to modify the stream channel agricultural pesticide and herbicide use in areas
and rebuild the Woodbridge Dam fish passage and that drain into the Mokelumne River.
diversion screening facilities. This will help
minimize losses of downstream migrating salmon i~aT/Otlt~tt~." Poor water quality has been
and steelhead, while maintaining other important identified by USFWS (1997) as a limiting factor
functions, affecting fall-run chinook salmon and steelhead in

the Mokelumne River. USFWS (1995) stated that
PROGRAMMATIC ACTION 2A: Modify and managing Camanche Reservoir elevations and
improve the fish bypass discharge at Woodbridge Pardee Reservoir inflows have not consistently
Dam. provided suitable water quality to the Mokelumne

River Fish Facility and to the lower river.
RATIONALE: High spring flows attract striped Occurrences of low dissolved oxygen, elevated
bass, American shad, and squawfish to the base of hydrogen sulfide, and elevated heavy metal levels
Woodbridge Dam on the lower Mokelumne River. have been documented, occasionally resulting in
Studies suggest that a signlficantproportion of the fish kills. Presently, reservoir operations have
juvenile salmon smolt production in the successfully maintained the Camanche release
Mokelumne River basin may be lost to predation water quality to the lower Mokelumne River.
(BoYd 1994, East Bay Municipal Utility District Recently, EBMUD and others have adopted a
1994). Juvenile salmon must first pass the long-term plan to remediate Penn Mine
reservoir, then the dam, and then the predators contamination. The final EIR/EIS has been
concentrated immediately below the dam (striped completed and a Restoration Plan adopted by
bass and American shad are unable to ascend the EBMUD, CVRWQCB, CSM, and federal ESA.
ladder and move upstream; therefore, they tend to
gather in large numbers below the dam). HARVEST OF FISH AND WILDLIFE

CONTAMINANTS TARGET 1: Develop harvest management
strategies that allow the spawning population of

TARGET 1 "- Restore and maintain water quality in wild, naturally produced fish to attain levels that
Camanche Reservoir on the Mokelumne River fully utilize existing and restored habitat and allow
(~). harvest to focus on hatchery-produced fish

PROGRAMMATIC ACTION 1A: Support
EBMUD in developing operating procedures at
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I PROGRAMMATIC ACTION 1A: Reduce or PROGRAMMATIC ACTION 2A: Rear hatchery
eliminate the illegal salmon and steelhead harvest salmon and steelhead in hatcheries on natalI by increasing streams to straying.enforcementefforts. limit

PROGRAMMATIC ACTION 1B: Develop PROGRAMMATIC ACTION 2S: Limit stocking

I harvest plans,with commercial and of salmon and steelhead fry and smolts to natalmanagement
recreational fishery organizations, resource watersheds to minimize straying that may
management agencies, and other stakeholders that compromise the genetic integrity of naturally

I support ecosystemrestoration andprotect producing populations.
important species.

PROGRAMMATIC ACTION 2C: Develop a plan

I PROGRAMMATIC ACTION 1 C: Evaluate a to stop importing egg or fry chinook salmon and
marking and selective fishery program for chinook steelhead to the Mokelumne River.
salmon.

i RATIONALE: In watersheds like the eastside
RArlON~d.~: Restoring and maintaining chinook tributaries to the Delta, where dams and habitat
salmon and steelhead populations to levels that degradation have limited natural spawning, some
take full advantage ofhabitat may require harvest hatchery supplementation may be necessary. This
restrictions during, and even after, the recovery would help to sustain fishery harvest at former
period Involvement of the various stakeholder levels and to maintain a wild or natural spawning

I organizations should helpprovide a balanced and population during adverse conditions, such as
fair allocation of available harvest. Target droughts. However, hatchery augmentationshould
population levels may preclude existing harvest be limited in extent and to levels that do not inhibit

I levels of wild, naturally produced fish. For recovery and maintenance of wild populations.
populations supplemented with hatchery fish, Hatchery-produced salmon and steelhead might
selective fisheries may be necessary to limit wild directly compete with and prey on wild salmon

I fish harvest, while harvesting hatchery ftsh to and steelhead. Straying of adult hatchery fish into
reduce their potential to disrupt the genetic non-natal watersheds might also threaten the
integrity of wild populations, genetics of wild stocks. Hatchery fish might also

i threaten the genetic makeup of stocks in natal
ARTIFICIAL PROPAGATION OF FISH rivers. Further research and experimentation are

necessary to determine how this issue is

I TARGET 1 : Minimize the likelihood that addressed. Long-term hatchery augmentation of
hatchery-produced salmon and steelhead could healthy wild stocks may genetically undermine
stray into adjacent non-natal rivers and streams to those stocks and threaten the genetic integrity of

¯~ protect naturally produced salmon and steelhead other stocks.

|
Straying of adults into non-natal streams may

i PROGR/MVIMATIC ACTION 1A: Develop a result in interbreeding with a wild population
cooperative program to evaluate the benefits of specifically adapted to that watershed, and thus
limiting stocking in the Mokelumne River with lead to the loss of genetic integrity in the wild
salmon and steelhead produced at the Mokelumne population. Release ofhatchery-producedfish into

~ River Hatchery. the San Joaquin River and its tributaries, other
than the Mokelumne River, could lead to a loss in

TARGET 2: Employ methods to limit straying the genetic integrity of wild salmon and steelheadI and reduced of wild andgeneticintegrity hatchery populations.
supported stocks (.~).

I
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|
SAN JOAQUIN RIVER ECOLOGICAL

| MANAGEMENT ZONE

OF THEDESCRIPTION
MANAGEMENT ZONE

The 290-mile-long San Joaquin Valley occupies
the southern half of the Central Valley and has an
average width of 130 miles. The Tulare Lake
basin to the south is normally considered a
separate drainage basin but, during wet years, has

| NTRODUCTION contributed occasional floodflows and subsurface
flows to the San
Joaquin River. The

The health of the Sacramento-San Joaquin Delta San Joaquin River
is dependent on its tributaries for inflows of water s=. soaqui,

basin is bounded on
along with their sediments and nutrients. The Ecolog~c=~ the west by the
tributaries also provide spawning, rearing, and Ml.agemeat

Coast Ranges and
migration habitats for aquatic species. The Delta

on the eastbythe
also depends on quality riparian corridors that Sierra Nevada. The
connect it with the upper watershed habitats San Joaquin River
needed by many terrestrial species. The ecological flowswestfromthe
integrity of the San Joaquin River below Friant Sierra    Nevada,
Dam is critical to the ecological health of the Bay- turns sharply north
Delta system. The ecological quality of the the of theat center
mainstem San Joaquin River below the mouth ofvalley floor, and flows north through the valley
the Friant Dam is particularly important for theinto the Sacramento-San Joaquin River Delta.
anadromous (migrating between rivers and ocean)
fish that annually migrate into and out of theOn the arid west side of the basin, relatively small
Stanislaus, Tuolumne, and Merced rivers, intermittent streams drain the eastern slopes of the

Coast Ranges but rarely reach the San Joaquin
The San Joaquin Ecological Management ZoneRiver. Natural runoff from westside sloughs is
encompasses four Ecological Management Units:augmented by contaminated agricultural drainage

and spill flows. On the east side, many streams
¯ Vemalis to Merced Ecological Management and three major rivers drain the west slope of the

Unit, Sierra Nevada and flow into the San Joaquin
River. The major eastside tributaries south of the

¯ Merced to MendotaPool Ecological Delta are the Stanislaus, Tuolumne, and Merced
Management Unit, rivers. Secondary streams south of the Merced

River include Bear Creek and the Chowchilla and
¯ Mendota Pool to Gravelly Ford Ecological Fresno rivers and the upper San Joaquin River.

Management Unit, and

Precipitation in the San Joaquin River basin
¯ Gravelly Ford toFriant Ecological averages about 27.3 inches per year. Snowmelt

Management Unit.
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runoff is the major source of water to the upperReclamation (Reclamation) to provide flood
San Joaquin River and the larger eastsidecontrol, irrigation, and power generation.
tributaries. Historically, peak flows were in May Millerton Lake, formed by Friant Dam, has a
and June, and natural overbank flooding tookgross storage capacity of 520,000 acre-feet (af)
place in most years along all the major rivers,and provides for deliveries into the Friant-Kern
When floodflows reached the valley floor, theyCanal, the Madera Canal, and other Central Valley
spread out over the lowlands, creating severalProject (CVP) facilities. Mean annual runoff of
hundred thousand acres ofperrnanent tule marshesthe San Joaquin River into Millerton Lake totals
and more than 1.5 million acres of seasonally1.9 million af, with 2.2 million af per year
flooded wetlands and native grasslands. The richcommitted in water contracts.
alluvial soils of natural levees once supported
large, diverse riparian (waterside) forests. AsWater development caused a great change in the
much as 2 million acres of riparian vegetation arenatural streamflow pattern of the river. The high
estimated to have grown on levees, on floodplains,flows of spring are now captured in storage
and along small stream courses. Above the lowerreservoirs in the basin except for the years of
floodplain, the riparian zone graded into higherhighest rainfall. Summer and fall flows are higher
floodplains supporting valley oak, savanna, andthan before to provide water for irrigation and
native grasslands interspersed with vernal pools,urban water supply.
Less than 10% of the historic wetland acreage and
less than 2% of the historic riparian acreage exist H isto rie a l M o nthly Ave rag e F low
as remnant vestiges.

Agricultural development in the basin, which           3500
began in the 1850s, brought dramatic changes in          3000
the hydrologic system. The upper San Joaquin          2~o0
River drainage (1,650 square miles) now has
seven power-generation reservoirs, which alter
flows in the upper basin. Friant Dam near Fresno
is the major storage reservoir there. Completed in
1949, the dam is operated by the U.S. Bureau of             0

Unimpaired Monthly Average Flow

Historical Streamflow on the San Joaquin River at Vemalis, 1972-
1992 (Dry year is the 20th percentile year; normal year is the 50th

percentile or median year.)

~ 15000
Historically, the upper San Joaquin River
supported spawning and rearing habitat for the
southernmost stocks of spring- and fall-run
chinook salmon and for steelhead. Early dams
along the river restricted passage of adult salmon.
By the early 1940s, large runs of salmon in the
upper San Joaquin River near Fresno were mostly
spring-run fish. This spring run, ranging from

Unimpaired Streamflow on the San Joaquin River at Vernalis, 2,000 to 56,000 fish bet~veen 1943 and 1948, was

1972-1992(Dry year is the 20th percentile year; normal year is extirpated after 1949 when the Friant Dam closed
the 50th percentile or med.ian year.)
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the channel. The fall run, averaging about 1,000habitat for fall-run chinook salmon, steelhead,
spawning adults in the 1940s, was also eliminatedrainbow trout, and perhaps late-fall-run chinook
by the dam. Streamflow releases to the Sansalmon. Substantial evidence exists to show that
Joaquin River below the dam are now insufficientthere is an extant self-sustaining steelhead run in
to support salmon passage, spawning, or rearing,the San Joaquin Basin. Since 1995, a small, but
No water passes through the Gravelly Ford toconsistent, number of juvenile steelhead that
Mendota Pool reach except during extremely highexhibit smolt characteristics have been captured in
runoff periods, rotary screw traps at two chinook salmon

monitoring sites on the lower Stanislaus River
There is historical documentation of steelhead in(Demko and Cramer 1997; 1998). The presence,
the San Joaquin river system, south to andover multiple years, of juvenile steelhead that
including the Kings River and Tulare Lakehave undergone smoltification and are actively
(Yoshiyama et al. 1996). The widespreadmigrating to the ocean is sufficient evidence to
distribution of chinook salmon in this systemconclude that natural production is occurring and
provides further indication of the extent ofa self-sustaining population exists. This is also the
steelhead distribution. In the Klamath Riveropinion of the Department of Fish and Game
drainage, for instance, all streams that contain a(CDFG 1997), the Steelhead Project Workteam of
chinook salmon population have steelhead as wellthe Interagency Ecological Program (IEP
and, in nearly all cases, steelhead go higher intoSteelhead Project Work-team 1999) and apparently
the drainage and utilize more of the stream systemthe Department of Water Resources and the U.S.
than do chinook salmon. This indicates that ifBureau of Reclamation (DWR and USBR I999).
chinook salmon were able to access and utilizeIt is the opinion of the Department of Fish and
habitat of a particular stream, steelhead could asGame that small runs of steelhead still exist in the
well. Because steelhead utilize smaller tributariesTuolumne and Merced Rivers as well (CDFG
for spawning and rearing, they were probably1997).
more widely distributed in the San Joaquin River
system (and the rest of the Central Valley) thanRecent genetic analysis by the National Marine
were chinook salmon (Yoshiyama et al. 1996). Fisheries Service of Stanislaus River rainbow

trout/steelhead collected from the anadromous
Friant Dam’s closure of the channel and reductionreach below Goodwin Dam show that this
of total basin outflow damaged anadromous fishpopulation has close genetic affinities to upper
runs in other tributaries as well. Reducing fallSacramento River steelhead (NMFS 1997).
attraction flo~vs and spring outflows on theFurther, this Central Valley group forms a genetic

adult that is distinct from all other ofmainstemSan JoaquinRiver reduced samplesgroup
returns, production, and survival of salmonsteelhead analyzed (132 samples from
throughout the system. When spring outflow atWashington, Oregon, Idaho, and California)
Vernalis the mainstem San Joaquin River is(Busby et al. 1996), hence be representativeon may
high, the total adult salmon escapement (fish thatof native Central Valley steelhead. In most years,
survive migration to spawn)in the San Joaquina few salmon are observed spawning in late
River basin increases 2.5 later. Since Friant January and February on the lower Stanislausyears
Dam began operating, low spring outflows fromRiver. Whether these fish are a remnant of a
the basin in most years have contributeddistinct late fall run in the San Joaquin River basin
substantially to low salmon production, or whether they are strays or fall-run fish

spawning later than usual is not known.
The three major eastside tributaries to the San
Joaquin River--the Stanislaus, Tuolumne, andIn recent years, fall-run chinook spawning
Merced rivers--support spawning and rearingescapements in the San Joaquin River basin have
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declined to alarmingly low levels. In fall 1991, anMany small and medium-size irrigation diversions
estimated 658 fish returned to the basin to spawn,on the mainstem San Joaquin River entrain
compared to 135,000 in 1944, 80,500 in 1953, juvenile salmon in addition to those at the El 1
53,400 in 1960, and 70,000 in 1985. Soyo, West Stanislaus, and Patterson Irrigation

District diversions. Cumulative losses at these
A streamflow of 35 to 230 cubic feet per second other sites may be significant. 1
(cfs) is required in the river between Friant Dam
and Gravelly Ford to support riparian water San Joaquin River basin outflow standards should
diversions. Major reaches of the river betweenbe established to protect adults migrating 1
Gravelly Ford and the confluence with the Mercedupstream in the fall and emigrating smolts in the
River are essentially dry for much of the year. Thespring.
stream channel has been affected by inchannel I

~ gravel mining and by vegetative encroachmentHigh water temperatures during emigration
¯ resulting from the absence of frequent scouringprobably reduce smolt survival in the mainstem

flows. The mainstem San Joaquin Riverriver. California Department of Fish and Game 1
downstream from the confluences with the major(DFG) Exhibit 15 to the California State Water
eastside tributaries provides the migration corridorResources Control Board (SVCRCB) for Phase I of
for anadromous fish to the Delta and the Pacificthe Bay-Delta hearings showed that, in years when
Ocean. the flow at Vernalis was 5,000 cfs or less in May,

water temperatures were at levels of chronic stress
In recent years, drainage practices in westernfor these fish. Temperature stress is additive and 1
Merced County have increased agricultural returnincreases with successive exposures to diversions,
flows from Salt and Mud Sloughs into thepredation, handling in the Delta fish salvage
mainstem San Joaquin River. These flowsprocess, and migration delays. I
attracted significant numbers of adult salmon into
the sloughs and, subsequently, into irrigationRestoring and maintaining important ecological
canals with no suitable spawning habitat. Asprocesses and functions in the San Joaquin River I1
spawning runs have declined, the proportion of theEcological Management Zone depend on
San Joaquin drainage salmon straying into theconditions in both the main tributaries to the river
westside area has increased. In fall 1991, 31% of(the East San JoaquinBasin Ecological II
the salmon in the basin was estimated to haveManagement Zone) andthe downstream
strayed into westside canals. Sacramento-San JoaquinDelta Ecological

Management Zone. Water flow, channel incision []
¯Fish screens were installed on the El Solyo, West(cutting by water flow), levee construction, gravel
Stanislaus, and Patterson Irrigation Districtmining, sediment and nutrient supply, and input of
diversions in the late 1970s. Because of the lowcontaminants from the tributary streams all I
number of returning adult salmon and juvenilesinfluence habitat conditions in the mainstem San
the inappropriate design and inefficiency of theJoaquin River. Changes of these factors in the
screens, and the high cost of maintenance; thetributaries from historical conditions have
screens were abandoned within a few years. Thedegraded habitat on the mainstem river. 1
El Soyo diversion has the capacity to withdraw asConditions in the Delta have a significant effect
much as 80 cfs; each of the other diversions has aon anadromous fish production in the basin
capacity of 249 cfs. Together, these diversions canbecause, in most years, a significant proportion of 1
withdraw a significant proportion of the mainsteminflow from the San Joaquin River is diverted at
river flow, particularly in dry years, the Delta.
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LIST OF SPECIES TO BENEFIT FROM MERCED TO MENDOTA POOL
RESTORATION ACTIONS IN THE ECOLOGICAL MANAGEMENT UNIT

SAN JOAQUIN RIVER ECOLOGICAL
MANAGEMENT ZONE The Merced to Mendota Pool Ecological

Management Unit (87 miles, from RM 118 to RM
205) includes the mouth of Salt and thechinooksalmon Slough

¯ steelhead trout Chowchilla and Fresno rivers. Flows in this reach
¯ splittail have been significantly reduced from historical

conditions by the Friant Dam project upstreamwhitesturgeon
¯ American shad and by the Eastside Bypass and levee system. The
¯ giant garter snake reach receives inflow from the Delta-Mendota
¯ Swainson’s hawk Canal into Mendota Pool. Irrigation deliveries in
¯ greater sandhill crane the local area use this reach as a conduit.
¯ western yellow-billed cuckoo Agricultural drainage practices in western Merced
¯ shorebirds County result in significant return flows from Salt
¯ wading birds and Mud Sloughs into this reach.
¯ waterfowl
¯ neotropical migratory birds MENDOTA POOL TO GRAVELLY
¯ San Joaquin Valley woodrat FORD ECOLOGICAL MANAGEMENT
¯ riparian brush rabbit UNIT
¯ native resident fishes
¯ plants and plant communities. The vision for the Mendota Pool to Gravelly Ford

Ecological Management Unit (24 miles, from RM
DESCRIPTIONS OF 205 to RM 229) includes no significant tributary

ECOLOGICAL MANAGEMENT inflow. Because of the Friant Dam project
upstream, most of this reach is dry for much of the

UNITS year. The stream channel has been altered by
inchannel gravel mining, floodplain confinement

VERNALIS TO MERCED by levees and incision, and vegetation
ECOLOGICAL MANAGEMENT UNIT encroachment into the abandoned channel and

floodplain.
The Vernalis to Merced Ecological Management
Unit (43 miles, from river mile [RM] 75 to RM GRAVELLY FORD TO FRIANT
118) is the nontidal reach of the river that includes ECOLOGICAL MANAGEMENT UNIT
the confluences with the Merced, Tuolumne, and
Stanislaus rivers. These major tributariesdrain theThe Gravelly Ford to Friant Dam Ecological
west slope of the Sierra Nevada and provide mostManagement Unit (31 miles, from RM 229 to RM
of the flow to this reach. On the arid west side of260) includes no significant tributary inflow. At
the basin, relatively small intermittent streamsFriant Dam, almost all the mainstem riverflow is
drain the eastern slopes of the Coast Ranges butdiverted into the Friant-Kern Canal. Except during
their waters rarely reach the river, which flows inspill conditions at Friant Dam, the reach from the
this reach through a broad alluvial channel anddam to Gravelly Ford receives a flow release of
floodplain. Levees set close to the main channel35-230 cfs to support riparian water diversions;
confine the floodplain throughout most of itsany streamflow reaching Gravelly Ford sinks into
length, including along the lower tributaries, the channel bed because of the highly permeable

substrate (bottom material) in that area. The
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stream channel has been altered by inchannelsome reaches, native vegetation is being replaced
gravel mining, incision, and vegetationby non-native invasive plants, such as giant reed.
encroachment into the channel and floodplain. This reduces the quality of fish and wildlife

habitat, increases sediment deposits, and decreases
Significant stressors of ecological, functions,floodway capacity.
habitats, and species on the San Joaquin River are:

Important habitats provided by the San Joaquin
¯ artificial confinement of the river channelRiver and its ecological processes include riparian

within levees and riverine (of rivers) aquatic habitats; riparian
forest; valley oak woodland; perennial grassland;

¯ dams the block access to historical habitat various cropland habitats (e.g., agricultural
wetlands and uplands); and migration, holding,

¯ poor land use and livestock grazing practicesspawning, nursery, and emigration habitats for
on riparian lands, anadromous and resident fish populations.

¯ lack of floodflows, which alters the natural Important fish, wildlife, and plant species
sediment balance and reduces riparianoccupying the San Joaquin River Ecological
vegetation growth, and Management Zone and its habitats include

steelhead, fall-run chinook salmon, splittail, white
¯ reservoir management and diversions on thesturgeon, green sturgeon, and American shad.

mainstem and tributary streams that
significantly reduce streamflow and alter VISION FOR THE
stream temperature.

ECOLOGICAL
Additional stressors are: MANAGEMENT ZONE
¯ direct removal and fragmentation of riparianThe vision for the San Joaquin River Ecological

habitat for agricultural and urban developmentManagement Zone includes restoring important
and floodway maintenance, fishery, wildlife, and plant communities and

ecological processes to healthy conditions and
¯ entrainment of fish and other aquaticreducing stressors that inhibit health and limit

organisms in water diversions, and restoration. This will require reactivating natural
ecological processes, including streamflow and

¯ inchannel and floodplain gravel extraction,natural stream meander, to accomplish most of the
which alterschannelforms, restoration. In addition, stressors such as

unscreened diversions and levee confinement of
Channel instability and floodplain disturbancethe floodplain must be reduced. The vision
have caused bank and floodplain deposits to erodeincludes significant improvements in floodplain
and release too much fine sediment into the river,and stream-channel habitats consistent with flood
This sediment damages spawning habitat and barscontrol, urban, and agricultural development plans
fish passage. Construction of levees close toin the San Joaquin Valley floodplain.
channels, as well as flood bypasses and weirs, has
fragmentedanddegradedfloodplainhabitats(e.g., Throughout the San Joaquin River, restoring a
by causing unnaturally high salt concentration inhealthy riparian zone and improving stream
surface soils). Levees have also caused excessivemeander corridor will increase the shaded riverine
scourof the channel andinstabilityof riparianand aquatic (SRA) habitat, the woody debris, and the
aquatic habitats within the leveed channel. In
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I
natural sediment regime (pattern) in the aquatic̄ restore and maintain streamflows that provide
system, habitat and adequate temperature levels for

I migrating salmon and steelhead and resident
In the lower part of the zone from the Merced native fishes,
River to Vernalis, restoring the stream meander

I corridor will benefit upstream and downstream¯ maintain a diverse, self-sustaining riparian
migration of fall-run chinook salmon and zone,
steelhead and restore spawning and rearing habitat

I for American shad, striped bass, white and green̄ reestablish a functional floodplain,
sturgeon, and splittail. Reducing losses of fish to
water diversions, improving streamflows at̄ restore a balanced sediment regime,

I critical times of year, reestablishing a functional
floodplain and a balanced sediment budget, and̄ reduce entrainment of aquatic resources at
improving water quality by reducing input of water diversions, and

I contaminants to the river will also benefit fish and
wildlife. ¯ reduce the inputof salt and other

contaminants.

I In the reach from the Merced River confluence to
Mendota Pool, emphasis will be on reducing theRestoring fall-run chinook salmon and steelhead
input of contaminants from westside drainage andruns in the San Joaquin River basin could
reducing straying of fall-run chinook salmoncontribute significantly to recovery of Central
upstream of the confluence with the MercedValley stocks. In the past, natural fall-run
River. spawning escapements in the basin have

i accounted for as much as 27% of the total natural
In the reach from Friant Dam to Gravelly Ford, escapement of fall-run chinook salmon in the
the vision focuses on maintaining native residentCentral Valley.

i fishes and waterfowl and wildlife habitat by
restoring minimum streamflows, stream-channelFloodway capacity should be expanded by a
configuration, and the riparian corridor, combination of:

I VISIONS FOR ECOLOGICAL ¯ levee setbacks,

MANAGEMENT UNITS ¯ levee abandonment where new land use and
I public ownership justify restoring the

VERNAl.IS TO MERCED RIVER floodplain,
ECOLOGIC/M_ MANAGEMENT UNIT

I ¯ widening and extending thebypasssystem
The vision for the Vernalis to Merced River throughout this reach, and
Ecological Management Unit would:

I ¯ establishing a new design floodflow capacity
¯ restore the ecological processes needed to that includes a firm commitment to natural

support spawning and rearing habitat for vegetation not subject to maintenance or

I American shad, white and green sturgeon, and removal.
splittail and the migratory corridor for
upstream and downstream migration of fall-These measures are environmentally superior

I run and late-fall-run chinook salmon,alternatives to rebuilding and riprapping existing
steelhead, and resident rainbow trout, banks and levees without modifying the
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undersized flood-control infrastructure damagedsustaining riparian corridor linked with upstream
by the 1997 floods, and downstream Ecological Management Units; to

reduce the straying of adult fall-run chinook
The vision sets a high priority on connectingsalmon into areas with no suitable spawning
fragmented riparian and seasonal floodplainhabitat; and to improve land management and
habitat corridors and restoring ecologicallivestock grazing practices along streams and
structures and processes, such as natural channelriparian zones.
meanders and unconfined lower floodplains, that
promote self-sustaining riparian succession andOther requirements are to maintain a diverse, self-
creation of aquatic habitat. Wildlife refuges andsustaining riparian habitat zone, to reestablish a
undeveloped historical floodplains that supportfunctional floodplain, to restore a balanced
seasonal wetlands and other natural habitats, butsediment regime, to reduce entrainment of aquatic
that have inadequate water supplies and highresources at water diversions, and to reduce the
surface salt concentrations, will be flooded by theinput of salt and other contaminants.
restored flood cycles from modified flood control
system described above. Floodway capacity should be expanded by a

combination of:
Instream sand and gravel mining on the major
tributaries in this reach should be phased out and̄ levee setbacks,
replaced by off-channel, high-terrace mines and
relocation to other sources. Such sources maȳ levee abandonment where new land use and
include reservoir delta deposits or abandoned public ownership justify restoring the
floodplain terraces where the channel is floodplain,
unnaturally confined by recent downcutting.
Abandoned inchannel pits that cause channel̄ widening and extension of the bypass system
instability and trap fish should be filled, where this throughout this reach, and
is feasible, or modified and restored to create
stable habitats and landforms. Revegetation̄ establishment of new design floodflow capa-
programs and levee and grade modifications city that includes a firm commitment to
should be implemented at abandoned mine pits to natural vegetation not subject to maintenance
provide greater bank cohesion and channel or removal.
stability and to route low flows away from
potential fish entrapments. These measures are environmentally superior

alternatives to rebuilding and riprapping existing
MERCED RIVER TO MENDOTA banks and levees without modifying the under-

POOL ECOLOGICAL MANAGEMENT sized flood-conl~ol infrastructure damaged by the
1997 floods.UNIT

The vision for the Merced River to Mendota Pool The vision sets a high priority on reconnecting

Ecological Management Unit would reduce thefragmented riparian and seasonal floodplain

input of contaminants, which will improve aquatichabitat corridors and restoring ecological

habitat quality in this unit and downstream in thestructures and processes, such as natural channel
Vernalis to Merced River Ecological Managementmeanders and unconfined lower floodplains, that

Unit and in the Sacramento-San Joaquin Deltapromote self-sustaining riparian succession and

Ecological Management Zone. Other parts of thethe creation of aquatic habitat. Wildlife refuges
vision are to restore ecological processes thatand undeveloped historical floodplains that

create and sustain the habitats of a diverse, self-support seasonal wetlands and other natural
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I
habitats, but that have inadequate water supplies      Instream sand and gravel mining should be phased
and high surface salt concentrations, will be out and replaced with off-channel, high-terrace
flooded frequently by the restored flood cycles mines and relocation to other sources. Such
from the modified flood control system described sources may include reservoir delta deposits or
above, abandoned floodplain terraces where the channel

I is unnaturally confined by recent downcutting.
MENDOTA POOL TO GRAVELLY Abandoned inchannel pits that cause channel

FORD ECOLOGICAL MANAGEMENT instability and trap fish should be filled, where

I UNIT feasible, or modified and restored to create stable
habitats and landforms. Revegetation programs

The vision for the Mendota Pool to Gravelly Ford and levee modifications should be implemented at

Unit would restore the abandoned mine pits to provide greater bankEcologicalManagement
ecological processes needed to support a diverse, cohesion and channel stability and to route flows

self-sustaining riparian corridor linked with away from potential fish entrapments.

i and downstream Ecologicalupstream
Management Units and that does not encroach on VISIONS FOR ECOLOGICAL
the stream channel. The vision would also PROCESSESI improve land management and livestock grazing
practices along streams and riparian zones. CENTRAL V~LLEY STREAMFLOWS." Instream

flows are inadequate and need to be supplementedi Instream sand and gravel mining should be phased where consistent withpossible, existing
out and replaced with off-channel, high-terrace agreements. The vision is that instream flows will
mines and relocation to other sources. Such be high enough to support the restoration of

I sources may include reservoir delta deposits or ecological and functions that maintainprocesses
abandoned floodplain terraces where the channel important fish, wildlife, and plants along with
is unnaturally confined by recent downcutting, their habitats.

I Abandoned inchannel pits that cause channel
instability and trap fish should be filled, where COARSE SEDIMENT SUPPLY: The vision is that
feasible, or modified and restored to create stable existing sources of coarse sediments will be

i habitats and landforms. Revegetation programs protected and cooperative programs or
and levee modificationsshould be implemented at conservation easements will be developed to
abandoned mine pits to provide greater bank reduce the amount of coarse sediments harvested
cohesion and channel stability and to route flows from the active stream channel.
away from potential fish entrapments.

NATURAL’ FLOODPLAINS AND FLOOD
GRAVELLY FORD TO FRIANT DAM PROCESSES: Natural river-floodplain interaction
ECOLOGICAL MANAGEMENT UNIT has been impaired by the construction of dams and

levees. Seasonal flooding is needed to promote

I The vision for the Gravelly Ford to Friant Dam ecological health and restoration of important
Ecological Management Unit would restore a species. The vision is that floodplains along the
diverse, self-sustaining riparian corridor linked San Joaquin River will be expanded, reconnected
with upstream and downstream Ecological to their channels, and seasonally flooded by
Management Units. The vision would also increased stream flows that will regenerate natural
maintain streamflows for resident native fishes riparian habitat, carry nutrients to the Delta, and
and improve livestock grazing practices along create seasonal habitat for splittail spawning and
streams and riparian zones, the rearing and emigration of juvenile fish.

I
~ ~

Volume I1: Ecosystem Restoration Program Plan
~,Y-DELTA San Joaquin River Ecological Management Zone Vision

~ ~x;~ June 1999

i 390

C--019820
C-019820



STREAM MEANDER: Natural stream meander Joaquin River will be maintained through actions
in the San Joaquin River is constrained by dams,directed at streamflows, sediment supply, stream
flood-control levees, and altered flow patterns,meander, natural floodplain and flood processes,
The vision is to create and maintain any possiblemaintaining and restoring riparian and riverine
meander to sustain habitats similar to those thataquatic habitats, and reducing the adverse effects
occurred naturally to provide sediment for theof stressors such as contaminants.
Delta and rearing habitats for chinook salmon and
steelhead. AGRICULTURAL LANDS: Improving habitats on

and adjacent to agricultural lands in the Butte
CENTRAL VALLEY STREAM Basin Ecological Management Zone will benefit
TEMPERATURES: High stream temperaturesnative waterfowl and wildlife species.
limit or interrupt the natural life cycle of aquaticEmphasizing certain agricultural practices (e.g.,
organisms. The vision is that water temperatureswinter flooding and harvesting methods that leave
below major dams will be suitable for some grain in the fields) will also benefit many
maintenance of important aquatic organisms andwildlife that seasonally use these important
biological functions such as steelhead rearing andhabitats.
chinook salmon spawning, egg development, and
fry and juvenile rearing and emigration. VISIONS FOR REDUCING OR

ELIMINATING STRESSORS
VISIONS FOR HABITATS

WATER DIVERSIONS: The vision for water
Sm~,SONAL WET~D HABITAT: The vision diversions is that the diversion of water from the
is that increased seasonal flooding andlower San Joaquin River will not adversely
enhancement of existing wetlands, andinfluence efforts to rebuild fish populations and
development of cooperative programs with localmaintain riparian and riverine aquatic habitats.
landowners will contribute to increased habitats
for waterfowl and other wetland dependent fish LEVEES, BRIDGES,    AND BANK
and wildlife resources such as shorebird, wadingPROTECTION: Levees, bridges, and bank
birds, and the giant garter snake, protection measures along the San Joaquin River

have inhibited overland flow and erosion and
RIPARIAN AND RIVERINE AQUATIC depositional processes that develop and maintain
HmITATS: Riparian plant communities arethe floodplain. The vision is to modify, remove, or
important components of a healthy ecosystem andreoperate structures in a manner that greatly
contribute in many ways to sustaining fish andlessens adverse affects on ecological processes
wildlife populations. The vision is to restoreand aquatic organisms..
diverse self-sustaining riparian and riverine
aquatic habitat along the San Joaquin River whichCONT~INANTS: The vision is to reduce losses
will serve as an important migratory corridor to offish and wildlife due to pesticide, hydrocarbon,
upstream habitats for terrestrial and aquaticheavy metal, and other pollutants.
species.

FRESHWA’r~:R FISH I-I~ITA’r: Freshwater fish            VISIONS FOR SPECIES
habitat is an important component needed to
ensure the sustainability of resident native fishCHINOOK S~a.MON: The vision for chinook

species. The San Joaquin River is a low elevation,salmon is to recover all stocks presently listed or

The proposed for listing under ESA or CESA, achievevalleyfloorriver(MoyleandEllison1991).
quality of freshwater fish habitat in the Sannaturally spawning population levels that support

~ Oam)
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I and maintain ocean commercial and ocean andadditional suitable wetland and upland habitats
inland recreational fisheries, and that use fullywill be critical to achieving recovery of the giant

I existing and restored habitats. The vision is thatgarter snake. The proposed restoration of aquatic,
improved habitats and flows in the San Joaquinwetland, and riparian habitats in the East San
River below the mouth of the Merced River will Joaquin Ecological Management Zone will help in

I contribute to the survival of adult and juvenilethe recovery of these species by increasing habitat
chinook salmon, quality and area.

I STEELHEAD: The vision for steelhead trout is to SWAINSON’S H~WK: The vision for
recover this species listed as threatened under theSwainson’s hawk is to conu’ibute to the recovery
ESA and achieve naturally spawning populationsof this State-listed threatened species.
of sufficient size to support inland recreationalImprovements in riparian and agricultural wildlife
fishing and that use fully existing and restoredhabitats will aid in the recovery of the Swainson’s
habitat, hawk. Increased abundance and possibly some

I nesting would be expected as a result of improved
SPLI~’rmL: The vision for split-tail is to achieve habitat.
recovery of this federally listed threatened species.

I The vision is that splittail will have access toGREATER S/M~IDHILL CRANE: The vision for
seasonally flooded spawning habitat and that theirthe greater sandhill crane is to contribute to the
offspring will have unimpaired access to rearingrecovery of this California species of special

I and foraging areas, concern. Improvements in pasture lands and
seasonally flooded agricultural habitats, such as

WHITE STURGEON: The vision for white flooded corn fields, should help toward recovery

I sturgeon is to maintain and restore populationof the greater sandhill crane population. The
distribution and abundance to historical levels,population should remain stable or increase with
Improved flows in late winter and early springimprovements in habitat.

I will benefit sturgeon spawning. Improved stream
meander corridors should also benefit sturgeon.WESTERN YELLOW-BILLED CUCKOO: The
The vision is that restoration of ecologicalvision for the western yellow-billed cuckoo is to
processes and habitats along with a reduction ofcontribute to the recovery of this State-listed
stressors will contribute to stable and largerendangered species. The yellow-billed cuckoo
sturgeon populations, along the San Joaquin River and its tributaries is

i not a species for which specific restoration
~ERleAN S~: The vision for American projects are proposed. Potential habitat for the
shad is to maintain a naturally spawningcuckoo will be expanded by improvements in
population, consistent with restoring native       riparian habitat areas. These improvements will

I           species, that supports a sport fishery to from to protect, maintain, and restoresimilar the result efforts

fishery that existed in the 1960s and 1970s. riparian and riverine aquatic habitats throughout
the San Joaquin River and East San JoaquinI GIANT GARTER SNAKE: The vision for the thusEcologicalManagementZones, sustaining

giant garter snake is to contribute to the recoverythe river meander belt, and increasing the natural
of this State and federally listed threatened speciessediment supply to support meander and riparianI in order to contribute to the overall speciesregeneration.
richness and diversity. Achieving this vision will
reduce the conflict between protection for thisSHOREBIRDS AND WADING BIRDS: The

i species and other beneficial uses of land and watervision for the shorebird and wading bird guilds is
in the Bay-Delta. Protecting existing and restoringto maintain and restore healthy populations
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through habitat protection and restoration,protect and restore these resources in conjunction
Shorebirds and wading birds will benefit fromwith efforts to protect and restore wetland and
restoration of wetland, riparian, aquatic, andriparian and riverine aquatic habitats.
agricultural habitats. The extent of seasonal use of
the East San Joaquin Ecological Management INTEGRATION WITH
Zone by these birds should increase.

OTHER RESTORATION
WATERFOWL: The vision for waterfowl is to PROGRAMS
maintain and restore healthy populations at levels
that can support consumptive (e.g., hunting) andThe Ecosystem Restoration Program Plan (ERPP)
nonconsumptive (e.g., birdwatching) uses. Manyproposes targets and actions for the San Joaquin
species of resident and migratory waterfowl willRiver Ecological Management Zone to augment
benefit from improved aquatic, wetland, riparian,other current and future restoration efforts for the
and agricultural habitats. Increase use of the Eastzone.
San Joaquin Ecological Management Zone and
possibly increases in some populations would be

SAN JOAQUIN RIVERexpected.
MANAGEMENT PROGRAM

NEOTROPICAL    MIGRATORY    BIRDS:    The
vision for the neotropical migratory bird guild is       The San Joaquin River Management Program was

established through State legislation (Chapterto restore and maintain healthy populations of1068/90) to develop comprehensive and
neotropical migratory birds through restoringcompatible solutions to water supply, waterhabitats on which they depend. Protecting existing

quality, flood control, fisheries, wildlife habitat,and restoring additional suitable wetland, riparian,
and recreational needs in the San Joaquin Riverand grassland habitats will be critical to
basin.maintaining healthy neotropical migrant bird

populations in the Bay-Delta.
CENTRAL VALLEY PROJECT

RIPARIAN BRUSH RABBIT: The vision for the IMPROVEMENT ACT
riparian brush rabbit is to contribute to the
recovery of this federally proposed and State-Section 3406(c) of the Central Valley Project

listed endangered species through improvementsImprovement Act directed the Secretary of the

in riparian habitat and reintroduction to formerInterior to develop a comprehensive plan to
address fish, wildlife, and habitat concerns on thehabitat.
San Joaquin River. The vision for the San Joaquin

SAN JOAOUIN VALLEY WOODR~T: The River Ecological Management Zone will also

vision for the San Joaquin Valley woodrat is tocomplement efforts of the U.S. Fish and Wildlife
contribute to the recovery of this federallyService (USFWS)Anadromous Fish Restoration

proposed endangered species throughProgram. The goal of the program is to double the
its habitat, natural production of anadromous fish in theimprovementin

system over average production during 1967

NATIVE RESIDENT FISHES: The vision for through 1991.

native resident fish species is to maintain and
restore the distribution and abundance. CALFED BAY-DELTA PROGRAM

PLANT SPECIES AND COMMUNITIES: The CALFED has funded eight ecosystem restoration
vision for plan species and communities is toprojects in the San Joaquin River Ecological

Volume I1: Ecosystem Restoration Program Plan
~ ~Y.D~TA San Joaquin River Ecological Management Zone Vision
~ ~ June 1999

393

C--01 9823
C-019823



Management Zone. One project acquires and AGREEMENT ON SAN JOAQUIN
restores 6,169 acres of land along the San Joaquin RIVER PROTECTION
River to be incorporated into the San Joaquin
River National Wildlife Refuge. Another project In an effort to resolve issues brought forth in the
studies the use of bacteria to reduce selenium inState Water Resources Control Board’s 1995

Quality Control Plan for the Bay/Delta, theagriculturaldrainwater. Water
San Joaquin River Tributaries Association, San

SALMON, STEELHEAD TROUT AND Joaquin River Exchange Contractors Water
ANADROMOUS FISHERIES Authority, Friant Water Users and theAuthority,

PROGRAM ACT San Francisco Public Utilities Commission
collaborated to identify feasible, voluntary actions

Established in 1988 by Senate Bill 2261, this Actto protect the San Joaquin River’s fish resources.
directs the California DFG to implement measuresIn spring 1996, these parties agreed on a "Letter
to double the numbers of salmon and steelheadof Intent to Resolve San Joaquin River Issues."
present in the Central Valley (DFG 1993, 1996). This agreement, when finalized, has the potential
The DFG’s salmon and steelhead restorationof providingthe following:
program includes cooperative efforts with local
governments and private landowners to identifȳ higher minimum base flows,
problem areas and to assist in obtaining funding
for feasibility studies, environmental permitting,̄ significantly increased pulse flows,
and project construction. The ERPP vision for this
Ecological Management Zone will also assist DFḠ installation and operation of a new fish barrier
as it progresses toward its goal of doubling the on the mainstem San Joaquin River,
number ofanadromous fish over 1988 population
levels. ¯ set up a new biological monitoring program,

and
SACRAMENTO-SAN JOAQUIN

RIVER BASINS COMPREHENSIVE ¯ set aside federal restoration funds to cover

STUDY costs associated with these measures.

This study proposes coordination between theOne of the important components of the

U.S. Army Corps of Engineers (Corps), USFWS, Agreement is the development of the Vernalis

California Department of Water ResourcesAdaptive Management Program (VAMP) to

(DWR), and other participatingagenciestoreviewimprove environmental conditions on the San

and reevaluate the San Joaquin River flood controlJoaquin River. Elements of this potential adaptive
system in light of the inadequate capacitymanagement program include a range of flow and

demonstrated by the 1997 floods, and consistentnon-flow habitat improvement actions throughout

with floodplain habitat recommendationsthe watershed, and an experimental program

contained in the 1995 San Joaquin Riverdesigned to collect data needed to develop

Management Plan. Emphasis will be placed onscientifically sound fishery management options

managing the floodplain and detaining floodflowsfor the future.

to meet safety, infrastructure reliability, and
habitat objectives, along with reconstructing andThe future of the Agreement is unknown at this

upgrading existing levees, time. However, several actions by the San
Joaquin River Stakeholders Policy Group and
other parties have been or are presently being

~" oJ.F~
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implemented throughout the watershed. Thesemainstem of the San Joaquin River. The group
actions include: agreed to pursue mutually acceptable restoration

activities and initially will focus on riparian
¯ Increased flow from the Tuolumne River, and habitat restoration along the San Joaquin River

implementationofnon-flow programs through from Friant Dam to the confluence with the
~/ settlement between the Federal EnergyMerced River. There are many benefits to
Regulatory Commission and numerous otherdeveloping and implementing a riparian
parties; restoration plan, including improved flood control,

groundwater recharge, and fish and wildlife
¯ An interim operating plan for the New enhancement. Other projects may be pursued as

Melones Project to provide additional flows consensus is reached.
on the Stanislaus River;

Riparian restoration may take a variety of forms
¯ New fishery response test programs on theand the project will be developed to ensure that it

Merced River; is consistent with other goals and objectives
established for the San Joaquin River. This is a

¯ Actions by water users on the Stanislaus andstakeholder driven project that will need the
Merced rivers to sell water purchase options assistance of all the interested parties and the
that would help meet Central Valley Project public.
Improvement Act objectives;

In October 1998, the Program reported an analysis
¯ Salmon smoltout-migrationstudiesconductedof the affects of physical processes on the

by Oakdale Irrigation District, South San potential for riparian habitat on the San Joaquin
Joaquin Irrigation District, USFS, and DFG River from Friant Dam to the confluence of the
on the Stanislaus River; Merced River. They reported that natural physical

processes affecting the river and riparian
¯ A two-year water purchase by USBR from vegetation included surface and groundwater

Oakdale Irrigation District and South San hydrology, bank and bed erosion and deposition,
Joaquin Irrigation Districts of up to 50,000 channel and floodplain hydraulics and sediment
acre-feet to help implement fish-doubling transport, and other channel-forming processes.
objectives of the Central Valley Project The timing, pattern, and magnitude of these
Improvement Act; and natural physical processes have been altered by

local and state flood control projects, operation of
¯ Seasonal installation of a fish barrier at thereservoir dams and weirs, reclamation of the river

head of Old River for a five-year period, floodplain and basin lands for agricultural and
urban uses, and mining of sand and gravel from

JOAQUIN RIVER RIPARIAN channel deposits.s,~l
HABITAT RESTORATION PROJECT

CENTRAL VALLEY HABITAT JOINT
The San Joaquin River Riparian Habitat VENTURE
Restoration Project is a collaborative effort of the
Friant Water Users Authority, the Natural The Central Valley Habitat Joint Venture and the
ResourcesDefense Council, the Pacific Coast North American Waterfowl Management Plan
Federation of Fishermen’s Associations, U.S.have developed objectives for wetlands in the San
Bureau of Reclamation, U.S. Fish and WildlifeJoaquin River Ecological Management Zone.
Service, with participation by other local and state These objectives are consistent with the ERPP
interests, who share a strong interest in the

~ ~
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targets developedforthisEcologicalManagementecosystem in this zone will be critical to
Zone. ecosystem restoration in the Delta.

LINKAGE TO OTHER Although delta smelt (federally listed as
threatened) do not inhabit the San Joaquin River

ECOLOGICAL Ecological Management Zone, flows from this

MANAGEMENT ZONES zone have significant effects on habitat for the
species in the Delta. Delta smelt spawn in

and different locations in the Delta each year. SomeRestoring maintainingimportantecological
processes and functions in the San Joaquin Riveralways spawn on the San Joaquin side of the

Ecological Management Zone depends onDelta; however, and sometimes hydrologic

conditions in both the main tributaries to the riverconditions cause larvae and juveniles to move

(the East San Joaquin Basin Ecologicalfrom the Sacramento to the San Joaquin side. In

Management Zone) and the downstreamthe 1995 USFWS biological opinion for delta

Sacramento-San Joaquin Delta Ecologicalsmelt, year-round base flows and April and May
Management Zone. Water, sediment, nutrientflows from the San Joaquin River are specified to
supply, and input of contaminants from tributaryprotect delta smelt. The biological opinion also

streams all influence habitat conditions in thestates that contaminants entering the Delta from

mainstem San Joaquin River. Changes in thesethe San Joaquin River likely affect delta smelt and

factors from historical conditions have degradedits food organisms, as well as juvenile chinook

habitat on the mainstem river. Maintaining asalmon and striped bass.

healthy riparian zone and balanced sediment
budget in the mainstem San Joaquin River willAdditionally, stressors affecting fish and wildlife

depend on an appropriate input of nutrients, water,species that use the San Joaquin River during at

and sediment from the major tributaries. Waterleast part of their life cycle occur outside the
supply from the tributaries is critical toidentified Ecological Management Zones. For

maintaining aquatic habitat in the mainstem riverexample, ocean recreational and commercial

between the Merced River confluence andfisheries have a significant effect on the numbers

Vemalis because Friant Dam diverts almost all theof anadromous fish returning to spawn and rear in
flow from the upper San Joaquin River watershed,the San Joaquin River basin. New harvest

management strategies for ocean fisheries may be

The Sacramento-San Joaquin Delta Ecologicalneeded in addition to restoration work inland.

Management Zone provides habitat for upstream
migration of adult anadromous fish and RESTORATION TARGETS
downstream migration and rearing of juvenile AND PROGRAMMATICanadromous fish from the San Joaquin River
basin. Conditions in the Delta have a significant ACTIONS
effect on anadromous fish production in the San
Joaquin River basin because, in most years, a ECOLOGICAL PROCESSES
significant proportion of inflow from the basin is
diverted at the Delta and entrainment losses ofCENTRAL VALLEY STREAMFLOWS
juveniles are high. In turn, the volume of inflow
and the input of nutrients, contaminants, andT~GLrr 1 -" Manage flow releases from tributary
sediments from the San Joaquin Riverstreams to provide adequate upstream and
significantly affect the health of the Deltadownstream passage of fall-run and late-fall-run
ecosystem. Restoring and maintaining a healthychinook salmon, resident rainbow trout, and

I
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steelhead and spawning and rearing habitat forEscapement of chinook salmon in the San Joaquin
American shad, splittail, and sturgeon from theRiver basin appears to be strongly improved by
Merced River confluence to Vernalis (~.). high April through June flows at Vernalis and low

exports during the year of outmigration
PROGR/MVIMATIC ACTION 1A: Develop a (California Department ofFish and Game 1992,
cooperative program to purchase water from1993; Carl Mesick Consultants 1994). Based on
willing sellers or develop alternative sources ofthis relationship, the USFWS (1995)
water, recommended base flows for Vernalis by water-

year type to meet the goals of the Anadromous
T/~RGET 2: Manage flow releases from Friant Fish Restoration Program.
Dam to Gravelly Ford to maintain sustainable
populations of resident native fish (,~. Flows from Friant Dam to Gravelly Ford should

be managed to maintain native resident fish
PROGRAMMATIC ACTION ~k: Evaluate the populations until an evaluation of the potential to
feasibility of increasing flows below Friant torestore anadromous salmonids is completed
restore terrestrial and aquatic habitats for fish and
wildlife including anadromous salmonids. Natural stream-meander belts in alluvial systems

transport and deposit sediments and provide
T,~GET :3: Optimize the ecological value of wet transient habitats important to algae, aquatic
year flood releases below Friant Dam. invertebrates, and fish, as well as substrates

(surfaces on which plants and animals can live)
PROGRaMMaTIC ACTION 3A: Evaluate the for colonization by riparian vegetation.
feasibility of modifying flood operation guidelines
and schedules in wet years to include morePresent flood operations below Friant Dam
variable hydrographs with higher peak flows oftypically result in uniform flows for long durations
shorter duration and more overall flow variability,during the winter andspring months. Providing

a more variable hydrograph which emulated
IrbaTtONAt.~ Flows in the major eastside tribu- natural inflow patterns to Millerton Lake would
taries to the San Joaquin River (Stanislaus, increase habitatcomplexityanddiversity, mobilize
Tuolumne, and Merced rivers) are controlled by bar material, and create better seed dispersal and
releases from foothill storage reservoirs (New more favorable sites for colonization by riparian
Melones, New Don Pedro, and New Exchequer species. A particular emphasis should be placed
reservoirs, respectively). Flows from the mainstem on flowpeaks during at least portions of the early
San Joaquin River are controlled by Friant Dam. spring months when seed of cottonwood and
The significant reduction in outflow from the San sycamore trees is being dispersed in the river. The
Joaquin River caused by water development in the purchase of easements or fee title on lands that
basin has significantly reduced production of become subject to greater flood frequency from
chinook salmon in the basin. Increasing base- peak overbank flows could be used to expand the
flow releases from the tributary reservoirs would area of low floodplain along the river to be
increase habitat in the mainstem San Joaquin colonized naturally or planted with riparian
River for rearing and for upstream and vegetation (San Joaquin River Riparian Habitat
downstream migration of fall-run and late-fall-m~ Restoration Program 1998).
chinook salmon, rainbow trout, and steelhead and
for spawning and rearing habitat of American CO/~ISE SEDIMENT SUPPLY
shad, white and green sturgeon, and splittail from
the MercedRiver confluence to P’ernalis. TARGET 1 : Conserve existing natural sources of

coarse sediments below Friant Dam.
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I
PROGRAMMATIC ACTION 1A: Develop a greater tendency for bank migration, bendway
cooperative incentive program to relocate gravel cutoffs, and overbank flow across meander bends.

I mining operations from the active floodplain. The suggested approach to restoring meander in
this section allows river bends to migrate within a

~IATIOIVALE." Dry Creek enters the river below designated meander corridor and allows high

I Friant Dam and is the only remaining tributary flows to overtop the large point bars. These
that supplies a significant source of coarse alluvial processes will promote the regeneration
sediments with high flows. Bedload entering the of riparian vegetation and overall habitat

I river from Dry Creek during high flows reduces complexity.
the tendency of the channel to incise and forms
sh~ing river deposits on bars that are needed for NATURAL FLOODPLAIN AND

I riparian colonization and succession to occur. FLOOD PROCESSES

STRE/IdVI M~,NDER T.a~lG~r 1 : Restore floodplain-river interactions

I in the San Joaquin River between Vemalis and the
TARGET 1 : Restore and maintain a defined mouth of the Merced River (~).
stream-meander zone on the San Joaquin River

I between Vernalis and the mouth of the Merced PROGR/MVIMATIC ACTION 1A: Develop a
River (~). cooperative program to evaluate the potential for

levee deauthorization, levee removal, or levee

I PROGRAMMATIC ACTION 1A: Develop a setbacks.
cooperative strategy to acquire or obtain
easements on floodplain and riparian land. PROGRAMMATIC ACTION 1 8: Develop a

I cooperative strategy to acquire or obtain
PROGRAMMATIC ACTION 1 El: Establish a easements or ownership of floodplain along the
river meander corridor between the Chowchilla lower San Joaquin River.

I Bypass and Mendota Pool.
PROGRAMMATIC ACTION lC: Conserve

I?~artot~a.t.~.- Preserving and improving the remaining natural floodplain topography and

I stream meander belt below the mouth of the sloughs.
Merced River will ensure that this important
natural process is maintained in the San Joaquin t~a T/Ot~t.E." Setback levees will provide more

i River. This reach is important for migrating and floodplain flooding, room for stream meander,
rearing salmon and steelhead and other and more riparian forest and seasonal wetland
anadromous and resident fish species. A natural habitats along the lower San Joaquin River.
meanderprocess willprovide excellent habitat for Channel form adjustments may be necessary to
spawning (through gravel recruitment), rearing accelerate restoration of floodplainnatural
(channel form, cover, and foodweb), and habitats and to restore and maintain
migration. The stream ~hannel meander program configurations that may not occur naturally due toI must withfloodcontrol requirements remaining from newbeconsistent constraints the setback
and, in the longer term, should reduce the need levees. Permanent structures such as bridges and
for future flood control efforts by using natural diversions dams can interrupt and impair naturalI resilience and flood control and habitat andsystem floodplain processes development
characteristics, succession, thus requiring removal of the

structures, rebuilding, or some continuing

I The river between Chowchilla Bypass and maintenance or mitigation to minimize their
Mendota Pool has the highest sinuosity and a effects.

I
~ ~
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Major flood flows along the San Joaquin River PROGRAMMATIC ACTION 1 B-" Evaluate the
periodically exceed flow capacity within the river use of upstream temperature control devices and
levees, causing local and regional flooding. Even reservoir management options to reduce water
lesser flows can result in seepage damage to temperatures during critical periods.
levees and lands adjacent to the floodway. The
U.S. Army Corps of Engineers investigated the PRO6RAMMATIC ACTION 1C: Develop a
potential for a demonstration project for cooperative program to evaluate the potential for
distributingpeak flood flows overland on wildlife restoring riparian vegetation to reduce water
refuges adjacent to the river. A previous analysis temperatures.
of the West Bear Creek Floodplain Restoration
Project was a joint effort by the U.S. Fish and PROGRAMMATIC ACTION 1 D’. Develop a
Wildlife Service and the California Department of cooperative program to evaluate the impact of
Water Resources using the San Joaquin Basin discharge returns on stream temperature.
Action Plan interagency agreement and the San
Joaquin River Management Program funding. R~T/ON,,~.LE: Water temperatures in the
Recently, the CALFED Category Ill restoration mainstem San Joaquin River between the Merced
program provided funding to the USFWS to River confluence and Vernalis in the fall and
conduct a feasibility study for this floodplain spring often exceed stressful or lethal levels for
restorationprogram, upstream and downstream migrating fall-run

chinook salmon. High temperatures are thought to
Large areas of the historic floodplainstill support delay migration in the fall (DFG 1992) and
natural topography and sloughs on both sides of increase mortality of rearing and outmigrating
the levee network, while other areas have been juveniles in the spring (DFG 1993). When the
laser leveled for irrigated agriculture or managed Vernalis flow is 5, 000 cfs. or less in May, water
wetlands. The potential for rewetting the temperatures are at levels of chronic stress.
floodplain varies by reach, based on the changes Maintenance of improved base flows in the fall
in bankfullchannel capacity and the magnitude of and spring will increase survival of up and
the reduction of flow under present hydrology, downstream migrating chinook salmon.
Many areas would derive ecological benefits from
the reintroduction of managed or natural HABITATS
overbank flows, generally within a range of
average annual to l O-year frequency inundation SEASONAL WETLANDS
(San Joaquin River Riparian Habitat Restoration
Program 1998). TARGET "1 -" Assist in protecting 52,500 acres of

existing seasonal wetland habitat through fee
CENTRAL VALLEY STREAM acquisition or perpetual easements consistent with

TEMPERATURES the goals of the Central Valley Habitat Joint
Venture and the North American Waterfowl

TARGET 1 -" Manage reservoir releases and other Management Plan (@@).
factors to provide suitable water temperatures for
important resources from the Merced River PROGRAMMATIC ACTION 1A-" Develop and
confluence to Vemalis (@~). implement a cooperative program to improve

management of 52,500 acres of existing, degraded
PROGRAMMATIC ACTION 1A: Evaluate the seasonal wetland habitat.
feasibility of releasing sufficient instream flows to
improve: the temperature regime for importantTARGET 2: Develop and implement a
resources, cooperative program to enhance 120,300 acres of

~ ¢J~T:D
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existing public and private seasonal wetland PROGRAMMATIC ACTION 1B: Develop a
habitat consistent with the goals of the Central cooperative program to restore riparian habitat.
Valley Habitat Joint Venture and the North
American Waterfowl Management Plan (~,~). PaOGa~,~niATle Ael"ION 1 C: Improve land

management and livestock grazing practices along
PROGi~dVIMATIC ACTION 2A: Improve and streams and riparian zones.
manage seasonal wetland habitat throughout the
Ecological Management Zone. TA~G~" 2: Revegetate low floodplains formerly

cleared for agricultural purposes or during past
~ l"tONAt.~: Restoring seasonal wetland floodway clearing projects.
habitats along with aquatic, permanent wetland,
and riparian habitats is an essential element of the PROGRAMMATIC ACTION 2A: Identify
restoration strategy for the Joaquin Ecological potential revegetation sites that are subject to
Management Zone. Restoring these habitats will inundation at least every 5-10 years.
also reduce the amount and concentrations of
contaminants that could interfere with restoring I:bartON~d.t~: Because of high-flow-event
the ecological health of the aquatic ecosystem, reduction, stream channelization, livestock
Seasonal wetlands support a highproduction rate grazing, gravel extraction, and direct loss of
of primary and secondary food species and large habitat to agriculture and urban development," the
blooms (dense populations) of aquatic extent of riparian vegetation along the mainstem
invertebrates. San Joaquin River has been significantly reduced.

Before they were disturbed, riparian forests were
Wetlands that are dry in summer are also e~cient an important component of the mosaic of habitats
sinks for the transformation of nutrients and the in the San Joaquin Valley, providing habitat for a
breakdown of pesticides and other contaminants, variety of native wildlife species. The riparian
The roughness of seasonal wetland vegetation community provides nutrients and woody debris to
filters and traps sediment and organic the aquatic system, along with shade and
particulates. Water flowing out from seasonal increased bank stability. The importance of
wetlands is typically high in foodweb prey species restoring riparian habitat has been identified by
concentrations and fine particulate organic matter DFG (1993) and USFWS (1997).
that feed many Delta aquatic and semiaquatic fish
and wildlife. To capitalize on these functions, most Old-growth stands of cottonwood forest, sycamore
of the seasonal wetlands of the San Joaquin and valley oak woodlands, and wooded grassland
Ecological Management Zone should subject to savanna are scattered throughout the area. Somebe
periodic flooding and overland flowfrom river of these stands occur within State and federal
floodplains, refuges or parks, while others are found on

lands. Landowners at these sites shouM beprivate
RIPARIAN AND RIVERINE AQUATIC contacted to determine if the old growth sites are

HABITATS secure under existing land management practices
or if special conservation easements or

TARGET 1 : Restore 50 stream miles of diverse, management plans are needed to ensure the long-
self-sustaining riparian community (~). term survival of these unique relict-age classes

and their wildlife habitat and aesthetic values
PROGRAMMATIC ACTION 1A: Develop a (San Joaquin River Riparian Habitat Restoration

cooperative program to protect large remnant Program 1998).
stands of old woodlands.growthriparian

I
~ c~
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There are also many sites along the San Joaquin of the Central Valley Habitat Joint Venture and
River where low floodplainJ along the channel are the North American Waterfowl Management Plan
subject to infrequent inundation every 5-10 years. ( ,, ).
The Corp’s comprehensive new hydraulic model
of the entire river and bypass system may reveal PROGRAMMATIC ACTION 1A." Increase the
segments of designatedfloodways where actual area of rice fields and other crop lands flooded in
capacity exceed design capacity and can therefore winter and spring to provide high-quality foraging
safely convey large flood events, even with an habitat for wintering and migrating waterfowl and
increase in channel roughness. In other instances, shorebirds and associated wildlife.
forest may have been cleared within a meander
corridor for agricultural use, though many sites i~TtON~,t.E: Following the extensive loss of
on agricultural fields appeared in aerial photos to native wetland habitats in the Central Valley,
be abandoned. Planted species mixes should some wetland wildlife species have adapted to the
conform to the vertical range of cohorts in the artificial wetlands of some agricultural practices
general vicinity of the river corridor (San Joaquin and have become dependent on these wetlands to
River Riparian Habitat Restoration Program sustain their populations. Agriculturally created
1998). wetlands include rice lands; fields flooded for

weed and pest control; stubble management; and
FRESHWATER FISH HABITAT tailwater circulation ponds.

TARGET 1 : Maintain and improve existing Managing agricultural lands to increase forage
freshwater fish habitat through the integration offor waterfowl and other wildlife will increase the
actions described for ecological processes,survival rates of overwintering wildlife and
habitats, and stressor reduction or elimination, strengthen them for migration, thus improving

breeding success.
PRoG~a~’rle ACTIONS: No additional
programmatic actions are recommended. Creating small ponds on farms with nearby

waterfowl nesting habitat but little brood habitat
l~TlON~Od.E: Freshwater fish habitat is will increase production of resident waterfowl

evaluated in terms of its quality and quantity, species when brood ponds are developed and
Actions described for San Joaquin River managed properly. Researchers and wetland
ecological processes, stressor reduction, and managers with the DFG, U.S. Fish and Wildlife
riparian and riverine aquatic habitat should Service and the California WaterfowlAssociation
suffice to maintain and restore freshwater fish have found that well managed brood ponds
habitats. For example, maintaining freshwater fish produce the high levels of invertebrates needed to
habitats is governed by actions to maintain support brooding waterfowl. Other wildlife such
streamflow, improve coarse sediment supplies, as the giant garter snake will also benefit.,
maintain stream meander, maintain or restore Restoring suitable nesting habitat near brood
connectivity of the San Joaquin River and its ponds will increase the production of resident
floodplain, and in maintaining and restoring waterfowl species.
riparian and riverine aquatic habitats.

AGRICULTURAL LANDS

TARGET 1 : Cooperatively enhance 15, 290 acres
of private agricultural land to support nesting and
wintering waterfowl consistent with the objectives
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REDUCING OR ELIMINATING sized diversions are on this reach of the San

STRESSORS
Joaquin River.

In recent years, drainage practices in western
WATER DIVERSIONS Merced County have increased agricultural return

flows from Salt and Mud Sloughs into the
TARG~’r 1 -" Reduce entrainment offish and othermainstem San Joaquin River. These flows attract
aquatic organisms into diversions by 50%, bysignificant numbers of adult salmon into the
volume, from the Merced River confluence tosloughs and, subsequently, into irrigation canals
Vemalis (.~.). where no spawning habitat is available (DFG

1993). In fall 1991, 31% of the run in the San
PROGRAMMATIC ACTION 1A: Develop a Joaquin River basin is estimated to have strayed
cooperative approach to install state-of-the-art fish into westside canals. In the late 1980s, DFG
screens at El Solyo, Patterson, and Westestablished an adult trapping station at Los Banos
Stanislaus Irrigation District diversions. Wildlife Refuge at which eggs were taken for

rearing at the Merced River Fish Facility. 1n fall
PROGRAMMATIC ACTION 1B: Develop a 1992, DFG installed a temporary electrical
cooperative program to evaluate the feasibility ofbarrier across the mainstem San Joaquin River
installing state-of-the-art screens on small andimmediately upstream from the confluence with
medium-sized diversions, the Aterced River; this was extremely effective in

blocking fish passage into the westside irrigation
TA~GE’r 2: Eliminate the loss of adult fall-runcanals. Since then, a temporary weir has been
chinook salmon straying into the San Joaquininstalled at the site annually, and this has also
River upstream of the Merced River confluencebeen effective in blocking passage.

PROGRAMMATIC ACTION 2A: Continue LEVEES. BRIDGES, AND

annually installing a temporary weir on the San BANK PROTECTION

Joaquin River immediately upstream from theT,a~G~I" 1 : Set back 10 miles of levees along theconfluence with the Merced River to block adult
salmon migration. San Joaquin River between the Merced River

confluence and Vemalis where feasible to
reestablish the hydrologic connectivity betweenRAT/OIVALE: Three large water diversions are
these channels and natural floodplains (~,~).between the Merced River confluence and

I"ernalis on the mainstem San Joaquin River: El
PROGRAMMATIC ACTION 1A: Develop aSolyo, West Stanislaus, and Patterson Irrigation

District diversions. Fish screens were installed at cooperative strategy to evaluate the potential for

these diversions in the late 1970s; however, levee deauthorization or relocation.

because of the scarcity of returning salmon, the
inappropriate design and inefficiency of the PROGRAMMATIC ACTION 1B: Develop a

screens, and the high cost of maintenance; the cooperative program to acquire or obtain
easements on floodplain and riparian land neededscreens were abandoned within a few years.
to meet restoration goals.Together, these diversions can withdraw a

significantportion of the mainstem riverflow,
i~arlOt~n.l.£: Natural stream meander belts inparticularly during dry water years. Irrigation

diversions take place during the juvenile salmon alluvial systems function to transport and deposit

outmigration. In addition, many, smaller medium- sediments and provide transient habitats
important to algae, aquatic invertebrates, and
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fish, as well as providing substrates for CONTAMINANTS
colonization by riparian vegetation. Setting back
levees along the San Joaquin River encourages TARGET 1 : Reduce losses of fish and wildlife
natural streammeanderandfloodingprocesses, from use of pesticides, hydrocarbons, heavy

metals, and other pollutants in the basin (,,).
This measure includes removing site-specific local
levees or deauthorizing unneeded segments of PROGRAMMATIC ACTION 1,A=" Provide
state levees to expand the area of flood basin and additional funding to enforce State laws regarding
floodplain inundation. Additional information is point- and nonpoint-source pollution.
needed to make these determinations. Each site-
specif!cproject willrequire a subreach hydraulic PROGR/M~II~IATIC ACTION 1 B: Develop a
model and sediment transport analysis to evaluate cooperative program to strengthen water quality
the feasibility of breaching or removing levees or standards as needed.
constructing controlled release weirs to restore
periodic inundation of the flood basin andrewater PROGR/MVIMATIC ACTION lC: Work with
formerly abandoned channels outside existing local landowners and State and federal agencies to
levees (San Joaquin River Riparian Habitat improve land management practices to reduce
Restoration Program 1998). contaminant input.

INVASIVE RIPARIAN PLANTS PROGRAMMATIC ACTION 1D: Evaluate the
of real-timereleasesfromUSe tiledrainage.

TARGET 1 : Eradicate or suppress populations of
exotic, invasive trees and shrubs. TAr|GET 2: Reduce sediment sources entering

theriverandbypasssystem.
PROGRAMMATIC ACTION 1A: Evaluate and
implement effective new techniques to control PROGr~a~I~tU~TIC ACTION 2A: Conduct an
invasive plant species that combine low-impact, hydraulic analysis of the stability of bypasses.
mechanical removal or prescribed fire with low
concentrations of selective herbicides. PROG~d~TIC Ae’nON 2B: Cooperatively

¯ develop streambed and bank protection and
~ TlON, a,l.~: Expansions of giant reed (Arundo), erosion control management alternatives to reduce
tamarisk, and eucalyptus in some river segments sources of sediment.
threatens riparian habitat diversity and quality.
Because of their growth characteristics, expansion t~irlOlll~l.E." Poor water quality resulting from
of these invasive, non-native species will reduce point- and nonpoint-source discharge of toxic
channel floodway capacity and increase bank chemicals and other pollutants may affect
stability. The recommended action would involve anadromous fish survival in the San Joaquin River
aprogram to map and monitor the distribution of basin. Drainage practices in western Merced
these harmful species. In vulnerable subreaches of County result in highly saline and pollution-laden
the San Joaquin River with small, developing agricultural return flows from Salt and Mud
populations immediate eradication by be a cost Sloughs into the mainstem San Joaquin River
effective strategy (San Joaquin River Riparian above the confluence with the Merced River.
Habitat Restoration Program 1998). Contaminant input from this area also affects

water quality in the downstream Sacramento-San
Joaquin Delta Ecological Management Zone.
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Sediment deposition within the mainstem San Control Board Bay-Delta Hearing
Joaquin River and its bypasses is a recognized Proceedings. Sacramento, CA. June.
problem. The potential for aggradation of sand in
the river bed is a serious constraint to 1993. Restoring Central
revegetation of riparian habitat in some river Valley Streams: a plan for action. Sacramento,
segments. Much of the problem sediments CA. November.
appears to originate from erosive processes within
the bypasses and some of the eastside tributaries. 1996. Steelhead restoration
Therefore the reduction of the sediment problem and managementplan for California.
requires solution of the erosion occurring within February 1996.
the bypasses and eastside tributaries (San Joaquin
River Riparian Restoration Program 1998). California Department of Water Resources and

U.S. Bureau of Reclamation. 1999. Effects of
the Central Valley Project and State WaterREFERENCES USED TO Project operations from October 1998 through

DEVELOP THE VISION FOR March 2000 on steelhead and spring-run
THE SAN JOAQUIN RIVER chinook salmon. Biological Assessment for

ECOLOGICAL MANAGEMENT ESA Section 7 consultation.

ZONE Carl Mesick Consultants. 1994. The effects of
streamflow, water quality, Delta exports,

Busby, P.J., T.C. Wainwright, G.J. Bryant, L.J. ocean harvest, and E1Nifio conditions fall-on
Lierheirner, R.S. Waples, F.W. Waknitz, and run chinook salmon escapement in the San
I. V. Lagomarsino. 1996. Status review of Joaquin River drainage from 1951 to 1989.
west coast steelhead from Washington, Idaho, Prepared for the Stanislaus River Council.
Oregon, and California. U.S. Dept.
Commerce, NOAA Tech. Memo. NMFS- Central Valley Habitat Joint Venture. 1990.
NWFSC-27. Central Valley Habitat Joint Venture

Implementation Plan, a component of the
Califomia Dept. ofFish and Game. 1997. Letter North American Waterfowl Management

from Jacqueline Schafer to Garth Griffen Plan. February 1990.
(NMFS) regarding CDFG comments on
Proposed Rule to list steelhead under theDemko, D.B. and S.P. Cramer. 1998. Outmigrant
Endangered Species Act, dated 1/6/97. trapping of juvenile salmonids in the lower

Stanislaus River Caswell State Park site 1997.
Demko, D.B. and S.P. Cramer. 1997. Outmigrant Final Report submitted to the U.S Fish and

trapping of juvenile salmonids in the lower Wildlife Service. 102 pp.
Stanislaus River Caswell State Park site 1996.
Final Report submitted to the U.S Fish and Interagency Ecological Program Steelhead Project
Wildlife Service. 144 pp. Work Team. 1999. Monitoring, Assessment,

and Research Central Steelhead:on Valley
Status of Knowledge, Review of Existing

Califomia Department of Fish and Game. 1992. Programs, and Assessment of Needs. in
Interim actions to reasonably protect San Comprehensive Monitoring, Assessment, and
Joaquin fall-run chinook salmon. (WRINT- Research Program Plan, Tech. App. VII-A-
DFG Exhibit 25.) Prepared for the Water 11
Rights Phase of the State Water Resources

Volume Ih Ecosystem Restoration Program Plan
San Joaquin River Ecological Management Zone Vision

June 1999
404

C--01 9834
C-019834



National Marine Fisheries Service. 1997. Status
review update for deferred and candidate
ESUs of west coast steelhead. Prepared by
NMFS West Coast Steelhead Biological
Review Team.

San Joaquin River Management Program
Advisory Council. 1993. An action plan for
San Joaquin fall-run chinook salmon
populations. Fisheries Subcommittee, January.
30p.

SanJoaquin River Riparian Habitat Restoration
Program. Analysis of physical processes and
riparian habitat potential of the San Joaquin
River, Friant Dam to the Merced River.
October 1998.

SanJoaquin River Interests. 1997. Agreement on
San Joaquin River Protection. Status Report.
April 1997.19 p.

U.S. Fish and Wildlife Service. 1995. Working
paper on restoration needs: habitat restoration
actions to double natural production of
anadromous fish in the Central Valley of
California. May 9, 1995. Prepared for the U.S.
Fish and Wildlife Service under the direction
of the Anadromous Fish Restoration Program
Core Group. Stockton, CA.

Yoshiyama, R.M., E.R. Gerstung, F.W. Fisher,
and P.B. Moyle. 1996. Historical and present
distribution of chinook salmon in the Central
Valley drainage of California. Sierra Nevada
Ecosystem Project: Final report to Congress,
vol.III. Centers for Water and Wildland
Resources, Univ. Cal. Davis. pg. 309-361.
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EAST SAN JOAQUIN BASIN
ECOLOGICAL MANAGEMENT ZONE

I ’= coarse sediment supply including gravel
recruitment, transport, and cleansing, and
water temperature.

I Riparian and riverine aquatic is an important
habitat within zone and has close links to
wetlands areas. Caswell Memorial State Park is
the best example of remaining Great Valley
riparian habitat in the San Joaquin Valley (with

I the exception of the Cosumnes River Preserve in
the Eastside Delta Tributaries Ecological
Management Zone). Seasonally flooded wetlands

I are common through the lower portions of the
basin and are important habitats for waterfowl,
shorebird, and wading bird guilds. Important

i aquatic habitat designations include freshwater
fish habitat and essential fish habitat.

Important species include fall-run chinookI salmon, trout, native resident fishes,INTRODUCTION steelhead
waterfowl guilds, shorebird and wading bird

The East San Joaquin Basin Ecological guilds, and riparian wildlife guilds.I Zone includes the lowerManagement Stanislaus,
Tuolumne, and Merced rivers. These riversStressors include:
support Sacramento-San Joaquin Delta health byI supplying freshwater inflow, sediments, nutrients,̄ dams that hinder or block fish migration,
and seasonal habitats for Delta species, especiallȳ legal and illegal fish harvest,
fall-run chinook salmon, steelhead, waterfowl" water diversions that result in insufficient

i (including the endangered Aleutian Canada flow in the lower portions of most streams,
goose), riparian brush rabbit, Swainson’s hawk,¯ high water temperature during salmon and
giant garter snake, and western pond turtle. The steelhead spawning and rearing,

I overall health of the Delta depends on habitat̄ poor water quality,
quality and quantity in this zone and the health of̄ hatchery stocking of salmon and steelhead,
its fish, wildlife, and plant populations. ¯ gravel mining in the stream channel,

I ¯ poor livestock grazing practices,
Important ecological processes that would¯ high predation levels on juvenile salmon by
maintain or increase the health of the East San non-native fish,

I Joaquin Basin Ecological Management Zone are:̄ salmon and steelhead harvest,
¯ and unscreened or poorly screened water

¯ streamflow, diversions.

I ¯ stream meander,
¯ floodplain processes,

I Volume I1: Ecosystem Restoration Program Plan
~ ~T^ East San Joaquin Basin Ecological Management Zone Vision
~ ~ June 1999

I 406

C--01 9836
C-019836



These stressors have reduced the health of fisheastern Stanislaus and Merced counties. Two
wildlife, and plant populations in the zone. Fall-important National Wildlife Refuges are located in
run chinook salmon populations are generallythis zone: Merced NWR and San Joaquin NWR.
unhealthy because of poor habitat conditionsIn addition to the larger ecological values, these
within the zone, entrainment at the Delta pumpingunits also provide habitat for many fish, wildlife,
plants, and potentially high ocean harvest rates,and plant species. They are particularly important
The status of steelhead in the zone is unknownas spawning and rearing areas for chinook salmon.
and will require more focused research to
determine specific restoration actions that need toLIST OF SPECIES TO BENEFIT FROM
be implemented to improve conditions for its RESTORATION ACTIONS IN THE
recovery. Wildlife populations are adversely ~ST SAN JOAQUIN ECOLOGICAL
affected by loss of riparian and wetland habitats MANAGEMENT ZONE
and the ecological functions that maintain them.

¯ chinook salmon
DESCRIPTION OF THE ¯ steelhead trout

MANAGEMENT ZONE ¯ giant garter snake
¯ Swainson’s hawk
¯ greater sandhill crane

The East San Joaquin Basin Ecological¯ western yellow-billed cuckoo
Management Zone includes the three major̄ riparian brush rabbit
eastside tributaries to the San Joaquin River and̄ San Joaquin Valley woodrat
consists of the following Ecological Management̄ shorebirds
Units: ¯ wading birds

¯ waterfowl
¯ Stanislaus River Ecological Management̄ neotropical migratory birds

Unit, ¯ native resident fishes¯ Tuolumne River Ecological Management̄ lamprey
Unit, and ¯ plants and plant communities.

¯ Merced River Ecological Management Unit.

DESCRIPTION OF ECOLOGICAL
MANAGEMENT U NITS

STANISLAUS RIVER ECOLOGICAL
MANAGEMENT UNIT

The Stanislaus River is the northernmost major
tributary in the San Joaquin River basin. The fiver
flows westward into the Central Valley, draining
approximately 1,100 square miles in the Sierra
Nevada. The average unimpaired runoff in the

Location Map of the East San Joaquin Ecological Management basin is about 1.2 million acre-feet (at).
Zone and Unit.

Significant changes have been made in the hydro-
The Stanislaus, Tuolumne, and Merced rivers flowlogical conditions of the basin since agricultural
through extensive and biologically valuabledevelopment began in the 1850s. New Melones
grassland/vernal pool complexes located inDam, completed by the U.S. Army Corps of
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I
Engineers (Corps) in 1978 and approved forMonthly historical average flow at Ripen (near the
filling in 1981, is now the largest storage reservoirmouth of the Stanislaus River) is approximately

I in the Stanislaus basin, with a gross capacity of950 cfs and is more uniformly distributed
2.4 million af. The project is operated by the U.S. throughout the year than unimpaired flow at New
Bureau of Reclamation (Reclamation)as part ofMelones Dam. In dry years, monthly average

I the federal Central Valley Project (CVP). flows vary between 200 cfs and 500 cfs, except
Downstream of the New Melones Dam, Tulloch for a small increase to 750 cfs in April. Normal
Reservoir, with a gross storage capacity ofyear flows range from 400 cfs to 1,100 cfs, with a

I 68,400 af, regulates water releases from the Newpeak in April and lowest flows from September
Melones Dam. Goodwin Dam, downstream,through January. In driest years, flows vary from
regulates releases from Tulloch Reservoir and200 cfs to 400 cfs. In highest precipitation years,

I diverts water for power and irrigation to Southflows are similar to unimpaired flows, ranging
San Joaquin Irrigation District and Oakdalefrom monthly averages of 2,000 to 5,000 cfs, with
Irrigation District. peaks in March and April.

I Monthly unimpairedflowsatNewMelones(900- Although considerable flow is diverted for
square-mile watershed) average approximatelyirrigation upstream of Ripen, much of the water

I 1,600 cubic feet per second (cfs), with highestreleased from New Melones isused for water
runoff in the rainfall months of December throughquality control in the San Joaquin River at
March and in the snowmelt months of April, May,Vernalis during the irrigation season and is

I and June. This pattern is typical of San Joaquindiverted at south Delta pumping plants. Fall
basin streams originating from the high Sierra.minimum flows and spring flow pulses are
During dry years, inflows are 500 to 1,800 cfs prescribed to sustain fall-run salmon.

I from February through June, whereas summer
inflows are less than 50 cfs from August throughInterim flow releases for fishery purposes in the
October. In driest years, inflows are less than 50lower Stanislaus River were designated in a 1987

i cfs from July through February but still reachagreement between    Reclamation and
peaks near 1,500 cfs in April and May. In highest the California Department of Fish and Game
rainfall years, average monthly inflows are 6,000(DFG). This agreement, enacted under a DFG
to 11,000 cfs from February through June, andprotest of Reclamation’s water right applicationsI 600 cfs from October. redivert from New Melonesto 1,400 Augustthrough to water Dam,

specified interim annual flow allocations for
Historical Monthly Average Flow fisheries between 98,300 af and 302,100 af,

I depending primarily the aton carryoverstorage
New Melones and inflow. Under the agreement, a
7-year cooperative study program was established

I ~ooo ~ to evaluate flows in the lower Stanislaus River.

In addition to flow allocations for fisheries,

I 70,000 af are a minimum annual allocation for
water quality purposes. To meet Delta water
quality standards, Reclamation commonly releases

I additional water over the 70,000-acre-foot
requirement. In recent years, coordinating fishery
and water quality flow releases and releases for

I Stanislaus River Streamflow at Ripen (Highway 99), 1981-1991 water sales and transfers have resulted in
(Dry year is the 20th percentile year; normal year is the 50th

percentile or median year.)
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schedules that significantly benefit anadromousover existing required stream releases but are not
fish. optimum flows, particularly in drier water years.

The U.S. Fish and Wildlife Service (USFWS
Flows needed for fall-run chinook salmon smolt1995) recommended similar flows to double
(the life stage at which salmon are ready foranadromous fish production in the basin.
saltwater), emigration, in particular, can be
adequately met in drier years with the presentWater temperature in the Stanislaus River is
annual flow allocations. The results oflFIM andinfluenced by ambient air temperatures, late
water temperature model for the Stanislaus Riversummer storage levels and thermocline
indicates that about 99,000 acre-feet can providedevelopment at New Melones Reservoir, the depth
suitable conditions between October 16 and Juneof diversions from New Melones Reservoir, and
7 for chinook salmon. There is a positiveTulloch Reservoir temperatures and operations.
relationship between spring outflow at Vemalis on
the San Joaquin River and at Ripon on theFall flow releases to the lower Stanislaus River
Stanislaus River to the number of adults reachi.ngsometimes exceed critical temperatures for salmon
the river 2½ years later. Smolt survival studiesspawning and egg incubation when storage levels
have not been completed for the Stanislaus Riverat New Melones Reservoir are low. Elevated
and the existing data do not indicate that higherwater temperatures are a problem in critically dry
flows would improve smolt survival. Threewater years, a problem exacerbated by low
survival tests have conducted at a range of flowreservoir storage and the presence of the Old
releases between 800 and 1,200 cfs in theMelones Dam in the reservoir which restricts
Stanislaus River and no obvious relationshipaccess to the remaining cold water pool. During.
between flow and smolt survival resulted fromthe 1987 through 1992 drought, the first fish
these tests. On the other hand, flow releases madeentering the river to spawn did not arrive until
since the 1987 Reclamation and DFG agreementearly November, rather than in October, because
have been substantially greater than those madeof low water and high water temperatures.
during the 1967-1991 and yet the chinook salmonElevated water temperatures were the major cause
population did not rebound, of the delay. With such a delay in spawning,

juvenile fish are not ready to emigrate until later in
DFG has developed flow recommendations for thespring when high water temperatures again occur
StanislausRiver (California Department of Fish in the river and in the mainstem San Joaquin
and Game 1993). Recommended flows for theRiver.
October 1 through March 31 period were based on
results of the instream flow study for salmonDelayed spawning alsoreduces survival of eggs in
spawning, egg incubation, and rearing. Flowsgravel, the number of fry rearing in the river, and
during April 1 through May 31 for late rearing and the number of young salmon traveling to and
smolt emigration were based on results of thethrough the Delta to San Francisco Bay and the
smolt survival studies. These flows for the lowerPacific Ocean. Egg mortality has been shown to
Stanislaus River are consistent with springincrease when temperatures exceed 56°F. When
outflow objectives proposed for the basin at storage levels at New Melones are low, water
Vernalis on the San Joaquin River. Summer flowtemperature exceeds 56°F in much of the salmon
recommendations incorporate the needs ofspawning reach until ambient air temperatures
oversummering yearling salmon and steelhead,cool the river during November. Water
The recommended flows represent the minimumtemperatures above 65 °F are stressful to juvenile
needed for salmon spawning, rearing, andsalmon.
emigration on the lower Stanislaus River. These
flows would represent a significant improvement
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I
Forty-four small pump diversions have been̄ CDFG fishery biologists have documented
identified on the lower Stanislaus River, none of successful reproduction (in the form of

I which are adequately screened to prevent juvenile emigrants) in the lower San Joaquin
entrainment (carrying into the diversion) of River since 1987(CDFG 1997).
juvenile salmon and other aquatic organisms.

I Although losses at these diversions are unknown,̄ Anglers in the Oakdale area report occasional
the diversions are considered a serious threat to steelhead from 2 to 10 pounds and CDFG
these populations, creel census information documents the catch

I of rainbow trout greater than 20 inches
Goodwin Dam, located approximately 15 miles (CDFG unpublished data). Examination of
downstream of New Melones Dam, is the scale samples from these larger trout by

I upstream barrier for steelhead and salmon CDFG biologists show an accelerated growth
migration. Spawning occurs in the 23-mile reach period typical of estuary or ocean residence
downstream of Goodwin Dam (California (CDFG unpublished data).

I Department of Fish and Game 1993) and juvenile
chinook salmon and steelhead rear in the entirē A 28-inch steelhead illegally harvested from
lower river. Historically, the river supported the Stanislaus River was confiscated by

I steelhead and spring- and fall-run chinook salmon. CDFG wardens in 1995.
The river now supports fall-run chinook salmon
and steelhead and perhaps late-fall-run chinook.Recent genetic analysis by the National Marine

I Fisheries Service of Stanislaus River rainbow
Substantial evidence exists to show that there is antrout/steelhead collected from the anadromous
extant self-sustaining steelhead run in thereach below Goodwin Dam show that this

I Stanislaus River. Since 1995, a small, butpopulation has close genetic affinities to upper
consistent, number of juvenile steelhead thatSacramento River steelhead (NMFS 1997).
exhibit smolt characteristics have been captured inFurther, this Central Valley group forms a genetic

I rotary screw traps at two chinook salmon group that is distinct from all other samples of
monitoring sites on the lower river (Demko andsteelhead analyzed (132 samples from
Cramer 1997; 1998). These fish do not appear to Washington, Oregon, Idaho, and California)

i be the result of straying of juvenile hatchery(Busby et al. 1996), hence may be representative
steelhead planted in the Mokelumne RiverofnativeCentralValleysteelhead.
because none of the smolts captured in the screw

i traps in 1988 were adipose-fin clipped (1997 was This analysis also provides further evidence that
the first year of 100% marking of hatchery Stanislaus River steelhead are not derived from
steelhead at Mokelumne River Hatchery). Theadults straying from Mokelumne River Hatchery.
presence, over multiple years, of juvenileI steelhead that have undergone smoltification and Stanislaus River Steelhead Em i~ration
are actively migrating to the ocean is sufficient Numberofsmolts captured in rotary sereS’traps

evidence to conclude that natural production is 25

I occurring a self-sustaining populationand exists.
We note that this is the opinion of the Department
ofFish and Game (CDFG 1997) and the Steelhead

I Workteam of theProject InteragencyEcological
Program (IEP Steelhead Project Workteam 1999)
as well. Other evidence that a self-sustaining run

I exists includes: 0 1995 1996 19971998
Year
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The analysis showed that steelhead from Nimbusdegradation of spawning gravel, loss of side
Hatchery on the American River are more closelychannels and channel diversity, and reduced
related to coastal steelhead, which accuratelyspawning gravel recruitment to the active stream
reflects the founding history of Nimbus Hatcherychannel. Siltation of spawning gravel is primarily
steelhead (Nimbus broodstock was founded fromcaused by watershed disturbance. Existing fine
Eel River steelhead eggs). Mokelumne Riversediments in the lower system may be a result of
Hatchery, which rears steelhead from eggsthe intensive hydraulic mining that occurred in the
obtained every year from Nimbus Hatchery, is themid-1800s, particularly near the town of
nearest steelhead hatchery population in proximityColumbia. This problem can best be corrected by
to theStanislausRiver, therefore if the Stanislausminimizing erosion in the watershed and by
River steelhead population is derived fromroutinely adding clean gravel to the active
Mokelumne River Hatchery strays, then thischannel. The loss of side channels and channel
population would show close genetic affinities todiversity was probably caused by road
Nimbus Hatchery steelhead and other coastalconstruction, instream gravel mining, armoring of
steelhead populations, streambanks by landowners, and by the current

practice of removing woody debris from the active
As in other tributaries in the basin, fall-runchannel to protect rafters. Upstream dams and the
chinook spawning escapements (fish that survivepractice of in-channel gravel mining have
migration and spawn) in the lower Stanislausremoved spa~vning gravel, altered the migration
River have varied considerably since surveys werecorridor, and created salmon predator habitat.
initiated in 1939. In recent years, spawning
escapements have declined to very low levels. InHabitat improvement opportunities for chinook
the falls of 1991 and 1992, fewer than 300 salmonsalmon in the San Joaquin basin, including the
returned to spawn in the lower Stanislaus,lower Stanislaus River, have been assessed
compared to a recent historic high of 35,000 fishthrough a DFG-funded study. Projects identified
in 1953. Peak runs in the past 30 years haveinclude gravel renovation projects, channel
generally followed a series of high rainfall years,modifications to create new spawning riffles,
Poor runs occur during and following droughts, channel modifications to isolate existing

excavated areas from the active river channel to
reduce predation and improve the migration
corridor, and riparian vegetation restoration.

~,®o
Recovery options for steelhead in the Stanislaus

20,000
River have not been assessed, but, as with other

15.~ ¯ regulated rivers in the Central Valley, recovery
lo,ooo measures will focus on providing access to

historical habitats and/or maintaining adequate
°1 water temperatures below dams for oversummer

rearing of juveniles. These issues will need to be
Fall-run Chinook Salmon Returns to the Stanislaus River, addressed. The canyon reach between Knights

1953-1997¯ Ferry and Goodwin Dam contains the highest
quality habitat for steelhead, and there is a

Physical habitat for salmon and steelheadsubstantial, self-sustaining"wild trout"population
spawning and rearing on the lower Stanislausin this reach. Juvenile steelhead probably utilize
River has been lost or degraded because of lowthe entire reach between Goodwin Dam and
instream flow releases. A variety of factors,Riverbank for rearing. Water temperatures of 60°
including low flows, have cumulatively resulted inF or less should be maintained during the summer
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i months in this reach to provide the necessaryDon Pedro Dam average approximately2,500 cfs,
conditions for rearing, with peak runoff as snowmelt from April through

I July. Rainfall can cause substantial runoff from
The remnant population of riparian brush rabbit isNovember through March. In highest rainfall
restricted to 198 acres of native riparian forestyears, average monthly inflows range from 10,000

I along the Stanislaus River in Caswell Memorialto 18,000 cfs from February through July, 5,000 to
State Park. A population census following the9,000 cfs from November through January, and
January 1997 flood indicates that this species is1,500 to 3,500 cfs from August through October.

I close to extinction. In driest years, April and May average monthly
inflows peak at only 1,500 cfs, with August

TUOLUMNE RIVER ECOLOGICAL through October flows of only 15-30 cfs.

I MANAGEMENT UNIT
Historica’l Monthly Average Flow

The Tuolumne River is the largest tributary in the /q

I San Joaquin River basin, with an average annual
runoff of 1.95 million af and a drainage area of

r00
600

approximately 1,900 square miles, including the

500~~ ~               I

northern half of Yosemite National Park. The ~ ~"
lower Tuolumne River below La Grange Dam is

~ 400 - ,~

 oo- =
divided into two geomorphic zones based largely " 200 ~

I on channel slope and bedload material (McBain & 1oo
Trush 1998). The lowermost area, the sand- o ~
bedded zone, extends from themouth upstream J F ld A M d d A S O N D

for 24 miles. The upper area, the gravel-bedded
zone, extends from river miles 24 to 52. [] NormalYear [] Dry Year

’ ’1111111
Tuolumne River Streamflow at LaGrange, 1972-1992

I Hetch Hetchy Reservoir (located in Yosemite) (Dry year is the 20th percentile year; normal year is
was constructed by the City and County of San the 50th percentile or median year.)
Francisco in 1923 for drinking water supply, with

i a capacity of approximately 360,000 af. Cherry
Lake (capacity 260,000 af) was completed in 1953
to increase the aqueduct yield to the maximum of Unimpaired Monthly Average Flow

m approximately 300 cfs (220,000 af per year) /~

| currently exported in the Hetch-Hetchy aqueduct s00o -
to San Francisco. The Modesto and Turlock

s000-  __ 1 II¯ Irrigation Districts jointly regulate the flow to the
,00o

lower river from New Don Pedro Reservoir, with
~a0oo -’/J(/]-- A/[ --~_~. ,~ ~ ~| ¯

|
a gross storage capacity of 2.03 million af. The

_o,, 2000-/~ , S;/~L/~                 ’N’~’~--~~reservoir, completed in 1970, provides power,

i irrigation, and flood control protection. LaGrange ,oo0-/~ : ~ ~ ~
Dam, located downstream from New Don Pedro o , ,    =,,,,, ~ ~ ,.
Dam, diverts approximately 900,000 afper year ~ F M AId d J A 80 N D

i power, irrigation, purposes. [] NormalYear [] Dry Yearfor anddomestic

Streamflow in the Tuolumne River is typical of Tuolumne River Unimpaired Streamflow at Don Pedro

I southern Sierra streams originating from the highReservoir, 1972-1992 (Dry year is the 20th percentile year;
normal year is the 50th or median percentile year.)

mountains. Monthly unimpaired flows at New
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The average historical flow at La Grange near theand at times in late April, smolts emigrating from
river mouth is approximately 880 cfs, with most ofthe Tuolumne River encounter stressful or lethal
this flow occurring during winter periods whenwater temperatures. Temperature was a
storms cause reservoir flood control releases in allconsideration in formulating the FERC and AFRP
but low rainfall years. In highest rainfall years,revised flow schedules. However, these new
monthly average flows peak in April and May at schedules will not ease temperature problems
8,000 to 10,000 cfs, with summer and fall flows ofunder all ambient conditions, especially in the
900 to 4,000 cfs. Summer flows range from lesslower portion of the river during low flows.
than 10 cfs to 50 cfs in all but wet years. Irrigation
return flows along the lower Tuolumne increaseLaGrange Dam is the upstream barrier to salmon
summer flows near Modesto to approximatelyand steelhead migration. Salmon spawn in the
100 cfs. Flows in dry and normal years generally25-mile reach between LaGrange Dam and the
peak in January to March at 150 to 600 cfs and aretown of Waterford and rear in the entire lower
minimum in June to September at 10 to 50 cfs. river. Historically, the river supported spring- and

fall-run chinook salmon and steelhead trout. A
Streamflow strongly influences chinook salmontotal of 66 adult steelhead were counted at Dennett
production in the Tuolumne River. FlowDam near the City of Modesto in 1940. Other
requirements for the lower Tuolumne River arehistorical information and the presence of spring-
specified in the New Don Pedro Proceedingrun chinook salmon also provide ample evidence
Settlement Agreement (February 1996)and theof a steelhead run in the Tuolumne River
Federal Energy Regulatory Commission (FERC)(Yoshiyama et al. 1996; CDFG 1997)
Order Amending License for the New Don Pedro
Project (July 1996). USFWS (1995) recommended The river now supports fall-run chinook salmon
an alternative flow schedule to achieve the goalsand steelhead and perhaps late-fall-run chinook
of the Anadromous Fish Restoration Programsalmon. The presence of distinct anadromous runs
(AFRP). of late-fall-run chinook salmon is not confirmed.

Evidence of natural production (observations of
Low flows can lead to poor water quality, which young-of-the-year rainbow trout), creel census
can delay spawning, decrease egg survival, andinformation, and anecdotal observations of adult
cause high juvenile mortality during the springsteelhead by anglers, provides some evidence that
emigration period. Results of the streama steelhead population persists in the Tuolumne
temperature modeling study on the lowerRiver (CDFG 1997). Because there has been no
Tuolumne River indicate that in recent years,focused effort to assess the steelhead population in
temperature limits for salmon spawning werethe Tuolumne River, and there is essentially no
commonly exceeded in a portion of the spawningindirect or bycatch information from other
reach in October. This contributed to delayedmonitoring programs on which to estimate a
upstream migration and spawning. In recentprobability of extinction, there is no information
drought years, the first fish have returned toavailable to conclude that steelhead are extirpated
spawn in the lower Tuolumne River in earlyfrom the Tuolumne River. This fact, and the
November, rather than in October as in previousanecdotal information and observations cited
years, because high water temperatures blockedabove, has led CDFG to conclude that a remnant
their upstream migration. As with the other Sansteelhead population still exists in the Tuolumne
Joaquin basin tributaries, high water temperaturesRiver (CDFG 1997).
on the lower Tuolumne River during the spring
emigration period may be a significant factorAs in the other basin tributaries, fall-run spawning
affecting smolt survival. Results of the streamescapements in the lower Tuolumne River have
temperature modeling study indicate that in May,varied substantially. Population fluctuations are
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I
the result of extreme variations in environmentalSteelhead and chinook salmon spawning and
conditions in the river, Bay-Delta, and ocean,rearing habitat has been degraded because of low

I Since surveys were initiated, the Tuolumne River,instream flow releases, which resulted in siltation
on average, has supported the highest spawningof spawning gravel, and lack of spawning gravel
escapements (fish that survive migration andrecruitment. EA Engineering (1992) examined the

i spawn) among the San Joaquin basin tributaries,distribution and abundance of chinook spawning
During the 1987 through 1992 drought, chinookhabitat and concluded that spawning habitat was
salmon spawning runs in the lower Tuolumnea significant factor limiting salmon production in

I River declined drastically. In the falls of 1991 andthe Tuolumne River. In addition, the study
1992, fewer than 300 adults returned to spawn, assuggested that lack of gravel supply, combined
compared to a recent peak of 40,000 in 1985 and with Tuolumne fall-run chinook’s preference to
an earlier estimate of 130,000 in 1944. spawn in the upper reach, led to substantial

superimposition of redds, with this being a major
cause of chinook mortality.

50,000

I
40,000 In major portions of the spawning reach and

below, riparian vegetation has been removed

I 20,000 because of agricultural development, cattle
grazing, urban development, and gravel mining.

20,000 Gravel mining in the active stream channel has

I removed gravel from long stretches of the
lo,ooo spawning reach. In roughly half of the spawning

reach, extensive mining has left long, deep pools

i 0~ and a widened channel. These pools provide
habitat for salmon predators, such as largemouth

Fall-run Chinook Salmon Returns to the Tuolumne River, and smallmouth bass, and contribute to warming

i 1953-1997. the river. The 1992 EA Engineering study also
revealed that these introduced bass species may be

The San Joaquin NWR (780 acres) is located ata dominant cause of juvenile chinook mortality,

I the confluence of the San Joaquin and Tuolumneespecially under low flow conditions in the
rivers. This refuge provide important riparian andTuolumne River. The highest densities of
seasonal wetland habitats for Aleutian Canadapredatory fish were observed in former in-channel
goose, greater sandhill crane, western yellow-gravel extraction pits.I billed cuckoo, waterfowl, shorebirds,and
neotropical migrant birds. Thirty-six small irrigation pump diversions have

been identified on the lower Tuolumne River;i Chinook salmon smelt survival studies screened. Juvenile salmon losses at thesecompleted noneare

thus far on the lower Tuolumne River indicate thatsites are unknown, but cumulatively, they may
adequate spring flows improve smelt survival,cause a measurable loss of young salmon and
Smelt to be the critical bottleneck in the steelhead.appears
life cycle, because smelt production determines
adult run size. Unnaturally high summer flows inIllegal harvest of upstream migrating chinook
the salmon spawning and rearing areas below thesalmon has been identified as a factor limiting
dams from ~torage releases for irrigation sustainsproduction in the basin. With many miles of
large populations of predatory fish. Thesemigratory habitat that are often under low-flow

I predators are then present in other months and canconditions, salmon are particularly vulnerable to
cause significant young salmon losses, poaching.
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Steelhead recovery options for the Tuolumneapproximately 1,325 cfs, with peak runoff as
River have not been addressed by the-managementsnowmelt from April through June. Rainfall can
agencies. However, the ESA listing of steelheadcause substantial runoff from December through
populations in the San Joaquin tributaries willMarch. Unimpaired flows in late summer and
necessitate that options be identified andearly fall are generally less than 100 cfs in all but
implemented. As with other regulated rivers inwet years. In highest rainfall years, average
the Central Valley, recovery measures will need tomonthly inflows range from 6,000 cfs to 12,000
focus on providing access to historical habitatscfs from February through July. In driest years,
and/or maintaining adequate water temperaturesflows are less than 20 cfs from August through
below dams for oversummer rearing of juveniles.December, whereas April through June flows
These issues will need to be addressed in futureaverage 300 to 600 cfs. In dry and normal years,
recovery planning, spring inflows average 800 to 1,700 cfs and 2,000

to 3,000 cfs, respectively, whereas August through
MERCED RIVER ECOLOGICAL October flows range from 30 to 100 cfs.

MANAGEMENT UNIT
Unimpaired Monthly Average Flow

The Merced River is the southernmost stream
used by chinook salmon in the San Joaquin River
basin and in California. The river flows westward          ao0o -~
into the valley, draining approximately          2s00-
1,275 square miles in the Sierra Nevada
mountains and foothills, including the southern
half of Yosemite National Park The average
unimpaired runoff in the basin is approximately
1.02 million af, similar to the Stanislaus River
drainage.

Agricultural development began in the 1850s, and
significant changes have been made to theUnimpaired Mercer River Streamflow at Lake McClure,
hydrologic (water circulation) system since that1972-1992 (Dry year is the 20th percentile year; normal year is

time. The enlarged New Exchequer Dam, forming me 50th percentile or median year.)
Lake McClure with a gross storage capacity of
1,024,000 af, was constructed in 1967 and now Monthly historic flow data near the mouth of the
regulates releases to the lower Merced River. TheMerced River at Stevinson indicate that the water
dam is operated by Merced Irrigation District storage and delivery systems are extremely
(MID) for power production, irrigation, and flood efficient on the Merced River. The historical
control. The river is also regulated by McSwainaverage flow is approximately 650 cfs (50% of
Dam (an afterbay for New Exchequer Dam) and unimpaired), with most of this flow occurring
Merced Falls and Crocker-Huffrnan diversion during winter rainfall periods or in fall during
dams located downstream. Approximatelyreservoir flood control releases. Summer flows are
500,000 af of water is diverted each year atless than 50 cfs in driest years. In highest rainfall
~Vlerced Falls and Crocker-Huffman Dams. years, flows in February through June average

4,000 to 5,500 cfs, whereas flows in August and
Merced River unimpaired inflows to its watershedSeptember average 1,000 to 2,000 cfs. In dry and
are typical of southern Sierra streams withnormal years November to April flows range from
headwaters in the high mountains. Monthly150 to 450 cfs, while July to September flows
unimpaired flows at Lake McClure averagerange from 30 to 200 cfs.

~ Gu.Fr~
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I
of new spawning gravel due to the dams, gravel

Historical Monthly Average Flow mining, bank protection, and levee construction.

I In many fifties, significant armoring has also
500 occurred, with only large cobbles remaining. In-

gravel mining was alongchannel extensive the

i 400
Merced River. Downstream from the State Route

~ 300 - 59 bridge, the river flows through large mined-out
pits in the channel. Some pit areas have been

I isolated from the active channel by levees;
~O0 -

however, most of these levees were poorly
designed and have been breached during flood

i flows. The ponds and small lakes resulting from
these pits create excellent salmon predator habitat,
disrupt salmon migration, trap juvenile salmon

I Merced River Streamflow at Stevinson, 1972-1992 (Dry year is when water recedes, and raise stream
the 20th percentile year; normal year is the 50th percentile or temperatures.

median year.)

I Juvenile salmon are lost in water diverted at the
In addition to streamflow, available naturalsix medium-sized irrigation diversions in the
spawning habitat also limits salmon production insalmon spawning portion of the Merced River.

I the Merced River. Physical habitat for salmonThe Davis-Grunsky contract between the
spawning and rearing has been lost or degradedCalifornia Department of Water Resources
because of channel changes caused by many years(DWR) and MID requires the district to install and

I of low-flow releases. These changes includemaintain fish screening devices at these
siltation of spawning gravel; lack of spawningdiversions. Rock screens, consisting of perforated
gravel recruitment below the reservoirs; removalconduit buried in cobble-filled gabions, have been

I of bankside riparian vegetation, reducing streaminstalled at four of the diversions. These structures
shading and bank stability; and in-channel mining,are only moderately effective at preventing
which has removed spawning gravel, altered thejuvenile salmon loss in diverted water. The

i migration corridor, and created excellent salmonscreens quickly become clogged with vegetation,
predator habitat, and the bypass gates, which allow diversion

without water passing through the screens, are
Spawning and rearing habitat in the Merced Riveroften opened when the screens become clogged.I is the most degraded among the San Joaquinbasin
tributaries. Legally required summer flow releasesDFG surveys on the lower Merced River have
are low (15 to 25 cfs) and are usually depleted identified 68 small pump irrigation diversions;I before reach the river mouth because of small none is screened tothey adequately prevent
water diversions throughout the lower river. In entrainment of juvenile salmon. Cumulative losses
portions of the spawning reach and below, riparianat these sites are unknown.

I (waterside) vegetation has been removed for
agricultural development, cattle grazing, urbanFlow releases are not sufficient to accommodate
development, and gravel mining, salmon migration, spawning, egg incubation,

I juvenile rearing, and smolt emigration on the
Gold dredging in the early 1900s removedMerced River. Flows in the spawning reach during
significant quantities of spawning gravel from thethe spawning and early rearing period are further
Merced River. Large tailing piles remain along thedepleted by water diversions. Spring flows for
spawning reach, and there is a lack of recruitmentsmolt emigration are particularly inadequate.
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Streamflow for fishery purposes in the lowerproduction in the basin, but did not include any
Merced River is mandated in FERC Licensemeasures to recover steelhead. The most
No. 2179 for the New Exchequer Project, issued significant deficiencies for steelhead are
in April 1964, and Davis-Grunsky Contract unsuitable water temperatures for summer rearing.
No. D-GG417 (DW-R Contract No. 160282)
between DWR and MID, executed in October Poor water quality delays spawning, decreases egg
1967. The Davis-Grunsky contract requires MID survival, and causes high juvenile mortality.
to maintain a continuous flow of between 180 cfsStream temperature on the river often exceeds
and 220 cfs from November 1 through April 1 temperature tolerances for salmon spawning and
throughout the reach from Crocker-Huffrnan Damegg incubation in October and early November in
to Shaffer Bridge. at least a portion of the spawning reach. High

water temperature delays upstream migration and
Adequate releases for upstream attraction of adultsspawning. In recent drought years, salmon have
and spawning begin on November 1, but upstreamnot spawned in the river until after the first week
migration typically begins in October. The presentof November, when water temperature has
spawning and rearing flow requirements were notdropped to tolerable levels.
established by scientific studies and are too low to
meet spawning and rearing needs. In addition, sixIn late April and May, stream temperature often
major riparian diversions in the spawning reachexceeds stressful levels for emigrating smolts.
from Crocker-Huffrnan Dam to below Snelling Elevated spring temperatures are a more signif-
deplete these flows. At times, significant portionsicant problem in the lower Merced River than in
of the spawning reach receive flows less than thethe other San Joaquin tributaries because of higher
legally required amounts. Required streamflowsambient air temperatures and lower flows.
are measured at the Shaffer Bridge gage, which is
downstream from several irrigation returns. Crocker-Huffman Dam, near the town of Snelling,

is the upstream barrier for salmon and steelhead
The most significant deficiencies in the presentmigration. Salmon spawn in the 24-mile reach
flow requirements for chinook salmon occur in thebetween Crocker-Huffman Dam and the Town of
spring emigration period. April and May flows Cressey. Rearing habitat extends downstream of
required in the FERC license are 75 cfs in athe designated spawning reach to the mouth.
normal year and 60 cfs in a dry year. Smolt
survival studies conducted in the other tributaryHistorically, the river supported spring- and fall-
streams in the San Joaquin drainage indicate thatrun chinook salmon and steelhead. Historical
significantly higher spring flows are needed in theinformation and the presence of spring-run
lower Merced River. chinook salmon provides ample evidence that a

steelhead run was present historically in the
A revised flow schedule for the lower Merced Merced River (Yoshiyama et al. 1996; CDFG
River was formulated by DFG (1993) based on 1997), and there is some evidence that they were
instream flow study and smolt survival data fromable to migrate as far upstream as Yosemite
similar drainages. DFG concluded that, althoughValley (Hubbs and Wallis 1948; Snyder 1993).
the recommended flows are a significantThe river now supports fall-run chinook salmon
improvement over the presently required releases,and perhaps steelhead and late-fall-run chinook
they are not optimal for salmon spawning, rearing,salmon.
or emigration, particularly in drier years. USFWS
(1995) recommended flows that would contribute As with the Stanislaus and Tuolumne Rivers, the
to its Central Valley Project Improvement Act number of late-fall-run chinook salmon and
(CVPIA) goal of doubling anadromous fish steelhead in the Merced River is unknown. Each
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I
year, a few large rainbow trout, possiblyin 1985. Extremely low returns to MRH in recent
steelhead, enter the Merced River Hatcheryyears have severely limited the hatchery’s ability

I (MRH). Also, an adult steelhead was capturedto sustain San Joaquin basin salmon through
immediately above the Hills Ferry Salmon Barrierdroughts.
just upstream of the Merced River confluence in 2,500I November, 1996 (Mayott 1997). Because there
has been no focused effort to assess the steelhead2.000
population in the Merced River, and there is

I essentially no indirect or bycatch information
from other monitoring programs on which to
estimate a probability of extinction, there is no
information available to conclude that steelhead
are extirpated from the Merced River. This fact,
and the anecdotal information and observations o~

I cited above, has led CDFG to conclude that a
remnant steelhead population still exists in theRetums of Fall-run Chinook Salmon to Merced River Hatchery;

Merced River (CDFG 1997). 1970-1998.

I As with other tributaries in the basin, fall-runMRH, located below Crocker-Huffman Dam, is
chinook salmon spawning escapements in thepresently the only salmon hatchery in the San

I lower Merced River have varied significantlyJoaquin River drainage south of the Delta.
since surveys were initiated. Construction andOperated by the DFG, MRH was constructed in
operation ofMRH, in combinationwith increases 1970 and operated for 10 years with funding

i in instream flows related to the 1967 Davis-provided in the Davis-Grunsky Agreement. The
Grunsky Contract, have increased the Mercedhatchery has been valuable in augmenting and
River salmon run. Before 1970, spawningsustaining salmon runs in the lower Merced River

I escapements were generally less than 500 fishand in the Stanislaus and Tuolumne Rivers and
annually; since that time, annual runs haveprovid!ng fish for study purposes throughout the
averaged 5,800 fish. During the 1987 throughSan Joaquin basin. The facility was recently
1992 droughts, spawning escapements in themodernized using funding from the Salmon StampI lower Merced River declined to seriously low Program and the DWR Four Pumps Agreement.
levels. In fall 1991, fewer than 100 fish returned
to spawn, compared to a recent high of 23,000 fishMerced NWR is located in the southern portion ofI Ecological Management refugethis Zone. The

encompasses 2,561 acres and provides about 700
zo,ooo acres of seasonally flooded marsh and 600 acres

of alfalfa, irrigated pasture, and wintercorn,
habitat. The marshes are flooded from October

~o,ooo through April and attract thousandsrofmigrating

I 15,ooo and wintering birds, especially ducks, geese,
1o,ooo! cranes, and shorebirds. The agricultural land

provides forage for lesser sandhill cranes and four

I ~,ooo ~ species of geese.
o.

Preliminary surveys on the Merced River indicate

Naturally Spawning Fall-tun Chinook Salmon Returns to the thatthemajorneedsfor salmonhabitatimprove-
Merced River, 1957-1997. ment include rehabilitating riffle areas, construct-

I Volume I1: Ecosystem Restoration Program Plan
~r-D~T~ East San Joaquin Basin Ecological Management Zone Vision

~ ~ June 1999

I 418

c-0ias4s
C-019848



¯
ing or repairing levees and channels to isolateThe vision focuses on restoring important fish,
mining pit areas from the active stream channel,wildlife, and plan communities and their habitats
and modifying diversion structures. The existingby restoring ecological processes and reducing
abandoned gravel pits also serve as predatorstressors. Primary focus will be on restoring or
habitat and trap sediments transported fromreactivating the ecological processes that create
upstream areas, and maintain habitats for anadromous salmonids

and riparian vegetation. In each of the zone rivers,
Steelhead recovery options for the Merced Riverfocus will be on restoring and protecting a self-
have not been addressed by the managementsustaining stream meander corridor and an
agencies. However, the ESA listing of steelheadassociated diverse riparian community that
populations in the San Joaquin tributaries willprovide shade, nutrients, and woody debris to the
necessitate that options be identified andrivers, as well as habitat for plants and wildlife
implemented. As with other regulated rivers incommunities. Because dams on each of the rivers
the Central Valley, recovery measures will need tointerrupt the natural sediment supply on which
focus on providing access to historical habitatsnatural stream meander depends, it will be
and/or maintaining adequate water temperaturesnecessary to artificially sustain some natural
below dams for oversummer rearing of juveniles,sediment supply, including silt, sand, and gravel.
These issues will need to be addressed in future
recovery planning. In addition to restoring a natural stream channel

process, it will also be necessary to restore natural
Illegal harvest of upstream-migrating adult salmonfloodplain processes needed to enhance foodweb
has also been identified as a factor limiting salmonproductivity. These processes provide habitat for
production in the Merced River. Low water flows juvenile salmon and steelhead and spawning
during the fall salmon migration make salmonhabitat for splittail and other native resident (non-
easy preyforpoachers, migratory) fish, and habitat for migratory

waterfowl and shorebirds. Natural floodplain
VISION F:OFI THE processes occur in areas that receive seasonal

flooding overflows adjacent to the stream channel,
ECOLOGICAL such as riparian forests, oxbows, and seasonal

MANAGEMENT ZONE wetlands. These habitats depend on seasonal
flooding, and the rivers and Delta depend on

The vision for the East San Joaquin Basinfloodplain recruitment. Gravel is neededto

Ecological Management Zone includes improvedmaintain stream channel configuration (structure)

streamflow, greater sediment supplies, lowerand spawning habitat for salmon and steelhead.

spring through fall stream temperatures, improvedThroughout the basin, restoring and/or protecting

upper watershed health, improved foodweba self-sustaining, diverse riparian community will

productivity, and improved habitats, includingbe emphasized to maintain nutrient and woody

riparian, wetland, and seasonally flooded aquaticdebris input to the aquatic system, enhance bank

habitats. In addition, actions to reduce stressors,stability and stream shading, and provide valuable

such as screening unscreened diversions, reducinghabitat for a variety of species.

the effects of gravel mining, reducing wild salmon
and steelhead harvest, and limiting the adverseIn the lower Stanislaus, Tuolumne, and Merced

effects of introducing hatchery fish, will helprivers, emphasis will be on restoring fall-run

restore salmon and steelhead populations in zonechinook salmon and steelhead populations.

rivers. Because spawning and rearing habitats are
degraded, and poor streamflows and stressors
have depressed the populations, it may be
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I necessary to continue or expand hatchery rearingnatural channel configurations and gravel
of salmon and steelhead, at least in the short term,recruitment, transport, and cleansing processes.

I to maintain sufficient production in these rivers toImproved land use and livestock grazing practices
support sport and commercial fisheries. However,will contribute to improved riparian habitat.
hatcheries will be operated to preserve the geneticReducing non-native fish populations, entrainment

I identity of endemic (native to a particularof aquatic resources at water diversions,
locality), naturally spawning stocks of chinookcontaminant input, and illegal harvest will further
salmon and steelhead trout. Hatchery-producedbenefit salmon and steelhead. Restoring a diverse,

I fish will be used to support sustainable oceanself-sustaining riparian corridor linked with
recreational and commercial fisheries and directedupstream and downstream areas will be critical in
fisheries in the rivers. Marking techniques willrestoring ecosystem function.

I enable sport and commercial anglers to distinguish
between hatchery-produced and naturallyRestoring fall-run chinook salmon in the
produced fish to minimize wild fish harvest. Stanislaus River could have significant benefits to

sport and commercial fisheries. Historically,
The Ecosystem Restoration Program Plan (ERPP)spawning escapements of fall-run chinook in the
envisions that the fish, wildlife, and riparian needsStanislaus River have numbered up to 7% of the

I of the East San Joaquin Basin Ecologicaltotal fall-run salmon escapement in the Central
Management Zone will be met and acceptableValley. The restoration program has the potential
ecosystem health will be achieved when theto return populations to recent historic levels,

I following visions have been satisfactorily attained,which could improvecoastal sport and
commercial fisheries.

VISIONS FOR ECOLOGICAL

I MANAGEMENT UNITS The vision for the Stanislaus River includes
reactivating and maintaining important ecological
processes that create and sustain habitats for

STANISL~US RIVER ECOLOGIC/M. salmon and steelhead. Streamflow should beI enhanced below Goodwin Dam by providing baseMANAGEMENT UNIT
flows recommended by the AFRP and a spring

The vision for the Stanislaus River Ecologicalflow event in late April or early May in normalI Management Unit is to improve natural fall-runand and suitable forwet years, temperatures
chinook salmon and steelhead populations byjuvenile steelhead rearing in summer. Higher,
providing suitable water temperatures for rearingmore natural spring flow events will assist young

I juveniles and improving spring flows below Newsalmon and steelhead on their downstream
Melones Dam in dry and normal water years,migration to the Bay-Delta and ocean and also
summer through winter base flows, and spawningsupport natural stream channel and riparian habitat

I and rearing habitat, restoration. Pulse flows also benefit the river and
Bay-Delta foodweb production. The added flows

The vision for the Stanislaus River Ecologicalin. the Stanislaus River, in combination with

I Management Unitincludesimprovingstreamflow,similar flow events from the Tuolumne and
gravel recruitment, stream channel and riparianMerced Rivers, will assist young salmon from all

~ habitat, and screening diversions to increase thethree rivers on their downstream journey through
:~ I~ survival of chinook salmon, steelhead, and nativethe lower San Joaquin River, Delta, and Bay to the

resident fish and wildlife. Managing flow releasesocean. An improved stream meander corridor and
to provide suitable habitat and water temperaturesassociated SRA habitat, in combination with

~[ for key resources is critical to ecosystemimproved gravel recruitment and water
restoration. Also important will be restoringtemperatures, will provide more suitable habitat
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for salmon and steelhead spawning and rearing,improve habitat for fall-run chinook salmon, late-
which should lead to greater natural salmon andfall-run chinook salmon, steelhead, riparian
steelhead production in the Stanislaus River.vegetation, and wildlife resources. Managing flow
Improvements in the upper watershed health fromreleases to maintain suitable habitat and water
reduced forest fuel levels and less risk oftemperatures for salmon and steelhead will be
catastrophic wild fires, along with less erosionessential for restoring the ecosystem. Flow
from improved road construction andimprovements in the revised agreement and FERC
maintenance, will help protect water supply andlicense should be implemented and monitored for
water quality, effectiveness. Streamflow management for the

Tuolumne River will need to be integrated with
Stream channel and riparian habitat will beflow management on the other San Joaquin
improved by increasing streamflow, protecting thetributaries and the lower San Joaquin River to
natural gravel sources, reducing erosional areasobtain the greatest benefits.
that degrade spawning habitat, and promoting the
conservation of the lower river active floodplain.Also, important will be restoring more natural
Islands will be protected and restored wherechannel configurations; restoring gravel recruit-
possible. Side channels will be restored, andment, transport, and cleansing processes; and
riparian vegetation and SRA habitat and woodyrestoring a balanced fine sediment budget. This
debris will be developed to enhance juvenilewill be accomplished by implementing improved
salmon and steelhead habitat. Planting vegetationland use and livestock grazing practices, reducing
or regradingthedisturbed channel and floodplainnon-native fish populations and habitats that
may be required in certain areas to hasten andsupport them, reducing young salmon losses at
sustain recovery, water diversions, reducing the input of

contaminants, and reducing the illegal salmon
Stressors, including unscreened or poorlyharvest. Restoring a diverse, self-sustaining
screened diversions and illegal and legal harvest,riparian and stream channel corridor linked with
will be evaluated to determine whether actions areupstream and downstream areas will be an
necessary to protect salmon and steelheadessential element in the ecosystem restoration
populations. Measures being considered to reduceplan.
harvest of naturally spawning chinook salmon in
sport and commercial fisheries includeRestoring fall-run chinook salmon in the lower
establishing harvest restrictions and marking allTuolumne River could have significant benefits.
hatchery-produced fish, which would allow a Historically, spawning escapements in the river
selective harvest of hatchery fish. Enforcementhave numbered up to 12% of the total fall-run
would be increased to reduce poaching, salmon escapement in the Central Valley.

Implementing the restoration program has the
TUOLUMNE RIVER ECOLOGICAL potential to restore the population to recent

MANAGEMENT UNIT historic levels, which will also benefit sport and
commercial fisheries along the coast of California.

The vision for the Tuolumne River Ecological
Management Unit includes maintaining suitableStreamflows should be enhanced below Don
water temperatures, restoring streamflow, gravelPedro Dam by providing base flows recommended
recruitment,and streamchanneland riparian by DFG. In addition to the DFG recommendation,
habitat to improve habitat for chinook salmon,a spring flow event in late April or early May in
steelhead, native resident fish, native amphibiansdry, normal, and wet years would be provided to
and reptiles, and wildlife. The vision also includessupport downstream emigration of juvenile
restoring important ecological processes that willsalmon and steelhead and to benefit stream
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channel and riparian habitat. Also, adequate coldevaluation will be made of the need for additional
water releases from Don Pedro Dam should beartificial propagation of chinook salmon in the
made to maintain suitable water temperatures inbasin. This evaluation Would consider direct and
summer and early fall for juvenile steelheadindirect effects on the wild population, the role of
rearing, hatchery fish in maintaining naturally spawning

and hatchery derived salmon, disease transmission
Existing gravel recruitment sources will bebetween hatchery and natural stocks, genetic
protected and supplemented where and whenstructure and diversity of all stocks in the basin,
necessary with gravel introductions. A cooperativeand the likelihood of maintaining existing genetic
program among the local counties, agencies, anddiversity of the Tuolumne stock. Efforts relating
the aggregate resource industry will be developedto artificial propagation of salmon and steelhead
to improve or relocate gravel mining from thewill be the subject of monitoring, focused
active stream channel, research, and adaptive management.

Stream channel and riparian habitat will beTOOLUMNE RIVER WATERSHED
improved by increasing streamflow, protectingDEMONSTRATION PROJECT: The Tuolumne
natural gravel sources, reducing erosional areasRiver watershed has tentatively been selected as a
that degrade spawning habitat, and promoting thedemonstration watershed for the CALFED Stage
conservation of the lower river active floodplain. 1 (first seven years) Implementation Program.
Islands will be protected and restored whereDuring Stage 1 CALFED will support ongoing
possible. Side channels will be restored, andand enhanced management and restoration efforts
riparian vegetation and SRA habitat and woody in the watershed. Success in Stage 1 will set the
debris will be developed to enhance juvenilestage for subsequent implementation phases as the
salmon and steelhead habitat. Vegetation plantingrestoration and management information gained
or regrading of the disturbed channel andfrom the effort in the Tuolumne watershed will
floodplain may be required in certain areas tohave broad application in designing and
hasten and sustain recovery, implementing similar programs in similar

watersheds in the San Joaquin Basin and
Stressors will be addressed. A cooperativeelsewhere intheCentralValley.
evaluation of unscreened and inadequately
screened diversions will determine the feasibilityAlthough the ecological integrity of the Tuolumne
of installing positive-barrier fish screens.River has declined, considerable opportunities
Measures being considered to reduce naturallyexist to improve the river corridor through
spawning sport and rehabilitating important ecological processes. Thechinooksalmonharvestin
commercial fisheries include establishing harvestfollowing descriptions of attributes of alluvial
restrictions and marking all hatchery-producedriver ecosystem integrity are cited directly from
fish, which would allow a selective harvest ofMcBain and Trush (1998). These not only forma
hatchery fish. A selective fishery on hatchery-basis for the Tuolumne River restoration vision
produced fish will reduce harvest of naturallybut also provide a basis for selecting actions for
produced Tuolumne chinook salmon.CALFED Stage 1 Implementation.
Enforcement would be increased to reduce
poaching. SPATIALLY COMPLEX CHANNEL

MORPHOLOGY: No single segment of channel
If future baseline chinook salmon populations dobed provides habitat for all species, but the sum of
not respond favorably to improved flow and channel segments provides high-qualityhabitat for
habitat conditions in the Tuolumne River, Sannative species. A wide range of structurally
Joaquin River, and the Delta, a comprehensive
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complex physical environments supports diversePERIODIC CHANNEL MIGRATION AND/OR
and productive biological communities. AVULSlON: The channel migrates a variable rates

and establishes meander wavelengths consistent
FLOWS /M~iD WATER QUALI’r~ /M=IE with regional rivers with similar flow regimes,
PREDICTABLE V.,~tlABLE: Inter-annual and valley slopes, confinement, sediment supply, and
seasonal flow regimes are broadly predictable, butsediment caliber. In gravel-bedded reaches,
specific flow magnitudes, timing, durations andchannel relocation can also occur by avulsion,
frequencies are unpredictable due to runoffwhere the cannel moves from one location to
patterns produced by storms and droughts,another, leaving much of the abandoned channel
Seasonal waterqualitycharacteristics, especiallymorphology intact. In sand-bedded reaches,
water temperature, turbidity, and suspendedmeanders decrease their radius of curvature over
sediment concentration are similar to regionaltime, and are eventually bisected, leaving oxbows.
unregulated rivers and fluctuate seasonally. This
temporal "predictable unpredictability" is aA FUNCTIONAL FLOODPLAIN: On average,
foundation of river ecosystem integrity, floodplains are inundated once annually by high

flows equaling or exceeding bankfull stage. Lower
FREQUENTLY MOBILIZED CHANNELBED terraces are inundated by less frequent floods,
SURFACE: In gravel-bedded reaches, channelbed with their expected inundation frequencies
framework particles of coarse alluvial surfaces aredependent on norms exhibited by similar, but
mobilized by the bankfull discharge, which onunregulated river channels. These floods also
average occurs every 1-2 years. In sand-beddeddeposit finer sediment onto the floodplain and low
reaches, bed particles are in transport much of theterraces.
year, creating migrating channebed "dunes" and
shifting sand bars. INFREQUENT CHANNEL RESE’/’RNG FLOODS:

Single large floods (e.g., exceeding 10-to-20 years
PERIODIC MOBILIZED C~/M~INELBED SCOUR recurrences) cause channel avulsions, rejuvenate
~iD FILL: Alternate bars are scoured deeper than mature riparian stands to ~ early-successional
their coarse surface layers by floods exceeding 3-stages, form and maintain side channels, and
to-5 year annual maximum flood recurrences. Thiscreate off-channel wetlands (e.g., oxbows).
scour is typically accompanied by redeposition,Resetting floods are as critical for creating and
such that net change in channelbed topographymaintaining channel complexity as lesser
following a scouring flood usually is minimal. Inmagnitude floods, but occur less frequently.
gravel-bedded reaches, scour was most likely
common in reaches where high flows wereSELF=SUSTAININGDIVERSERIP/M:ll/~IPL~d~T
"confined by valley walls. COMMUNITIES: Based on species life history

strategies and inundation patterns, initiation and
BAIJM~iCED FINE AND CO/~SE SEDIMENT mortality of natural woody riparian plants
BUDGETS: river reaches export fine and coarse culminate in early- and late-successional stand
sediment at rates approximately equal to sedimentstructures and species diversities (canopy and
inputs. The amount and mode of sediment storageunderstory) characteristic of self-sustaining
within a given river reach fluctuates, but sustainsriparian communities common to regional
channel morphology in dynamic quasi-equilibriumunregulated river corridors.
when averaged over many years. A balanced
coarse sediment budget implies bedloadNATURALLY-FLUCTUATING GROUNDWATER
continuity; most particle sizes of the channelbedTABLE: Inter-annual and seasonal groundwater
must be transported through the river reach, fluctuation patterns in floodplains, terraces,

sloughs, and adjacent wetlands are similar to
regional unregulated river corridors.
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In summary, the types of actions that should be MERCED RIVER ECOLOGICAL
further examined to promote restoration of the MANAGEMENT UNIT
Tuolumne River corridor include:

The vision for the Merced River Ecological
¯ Encourage inter-annual and seasonal flowManagement Unit includes maintaining suitable

variability, water temperatures, restoring streamflow, coarse
sediment recruitment, and stream channel and

¯ Increase the magnitude and frequency of shortriparian habitat to improve habitat for fall-run
duration peak flows to initiate bed mobility chinook salmon, late-fall-run chinook salmon,
and localized scour and deposition, steelhead, riparian vegetation, and wildlife

resources. The vision also includes restoring the
¯ Increase the magnitude and frequency of peakimportant ecological functions and processes that

flows to initiate bed scour on alluvial depositswill improve habitat for fall-run chinook salmon,
along the low water margin to reduce riparian late-fall-run chinook salmon, steelhead, native
encroachment, amphibians and reptiles, riparian vegetation, and

wildlife resources. Managing flow releases to
¯ Increase coarse sediment input to balanceprovide suitable habitat and water temperatures

mainstem transport capacity, i’or these resources will be essential to restoring
the ecosystem. Streamflow management for the

¯ Reduce fine sediment input to the river, Merced River will need to be integrated with flow
management on the other San Joaquin tributaries

¯ Reduce human encroachment onto floodplainsand the lower San Joaquin River to obtain the
to allow limited channel migration, and greatest possible benefits, because the salmon and

steelhead must also pass through the lower San
¯ Restore channel morphology, with a bankfullJoaquin River and Bay-Delta on their way to and

channel and floodway scaled to the expectedfrom the Pacific Ocean.
high flow regime.

Also important will be:
Cumulatively, an investment in the Tuolumne
River watershed during Stage 1 will provide direct¯ restoring more natural channel configurations;
benefits to the creek and dependent fish and restoring gravel recruitment, transport, and
wildlife resources and provide the types of cleansing processes,
information required to successfully move thē restoring a balanced fine sediment budget by
Ecosystem Program subsequent implementingimproved land use andRestoration into
implementation phases. A few of the lessons to be livestock grazing practices,
learned in the Tuolumne River watershed includē reducing non-native fish habitat,

¯ reducing the loss of young salmon at watermethodsto improve overall watershedand
ecosystem health; how to effectively integrate diversions,
local, state, federal and private efforts in a large-̄ reducing the input of contaminants,
scale restoration program; how to design and̄ intoreducing the number of adult fishstraying
implement actions to benefit anadromous and areas with no suitable spawning habitat,
resident fish species, riparian systems and̄ and reducingillegalsalmonharvest.
riparian-dependent mammals and birds; and how
to best implement actions below dams in a highlyRestoring a diverse, self-sustaining riparian
altered hydrologic system to restore functioncorridor linked with upstream and downstream
sediment transport and other important ecologicalareas will be critical to restoring ecological health
processes, to the Merced River watershed. MID plays an
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important role in restoration efforts on the lowerThe effects of, stressors, including artificial
Merced River. The district is working in propagation of salmon and steelhead, water
cooperation with resource agencies on researchdiversions, and illegal and legal harvest, will be
and restoration projects for fall-run chinook assessed and reduced, if necessary. Stocking fall
salmon in the basin, chinook salmon reared in the MRH requires

careful consideration of the effects to naturally
Streamflow should be enhanced below Lakespawning stocks, not only in the Merced River,
McClure by providing minimum flows but in adjacent Central Valley watersheds. Choice
recommended by DFG. In addition to the DFG of genetic types of adult salmon selected for the
recommendation, a spring flow event would behatchery will be carefully evaluated to minimize
provided in dry, normal, and wet years. The pulsepotentially damaging effects on the genetic
flow would emulate a natural pulse flow thatintegfityofwildpopulations in the Central Valley.
would normally occur if flows were unimpaired.A cooperative evaluation will be made of the need
A spring flow event will support juvenile salmonand feasibility of installing positive-barrier fish
and steelhead emigrating to the Delta, Bay, andscreens on diversions. Measures being considered
ocean. It would also support natural streamto reduce wild chinook salmon har~.est in sport
channel and riparian habitat development. Also,and commercial fisheries include establishing
adequate cold water releases from Lake McClureharvest restrictions and marking all hatchery-
should be made to maintain suitable waterproduced fish, which would allow a selective
temperatures in summer and early fall for juvenileharvest of hatchery fish. Enforcement would be
steelhead rearing, increased to reduce poaching.

Existing gravel sources will be protected and theRestoring and maintaining the Merced River could
natural gravel supply supplemented where andbe facilitated by developing and implementing a
when necessary. A cooperative effort among localcomprehensive watershed management plan to
counties, agencies, and the aggregate resourceprotect the channel (e.g., maintain flood control
industry will be encouraged to evaluate relocatingcapacity and reduce bank erosion) and preserve
gravel mining to areas outside of the active streamand restore the riparian corridor.
channel.

Stream channel and riparian hal~itat will be
VISIONS FOR I=COLOGICAL

improved by increasing streamflow, protecting the PROCESS ES
natural gravel sources, reducing erosional areas
thatdegradespawninghabitat,and promoting the Important ecological processes and functions in
conservation of the lower river active floodplain,the East San Joaquin Basin Ecological
Islands will be protected and restored whereManagement Zone include the annual streamflow

Side channels will be restored, and regime (pattem), coarse sediment supply, streampossible.
riparian vegetation and SRA habitat and woodymeander, natural stream channel configurations,
debris will be developed to enhance juvenileand water temperature regime. These processes
salmon and steelhead habitat. Vegetation plantingare in various states of health in the zone. The
or regrading of the disturbed channel andgreatest need is to restore the functions and
floodplain may be required in certain areas toprocesses linked to streamflow.
hasten and sustain recovery. Large mined-out
gravel pits in the stream channel will be isolatedCENTR/M.    V/~LL~�    STRE/MMIFLOWS-"
or restored to natural conditions. Streamflow shapes stream channels and riparian

vegetation; provides fish habitat; keeps water
temperature lower in rivers; attracts anadromous
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fish to spawning streams; and transports youngstream meander process occurred in the stream
anadromous fish to downstream nursery areas incorridors of the Stanislaus, Tuolumne, and Merced
the San Joaquin River, Bay-Delta estuary, andrivers. A limited stream-meander process in the
ocean. Streamflow in each of these rivers islower floodplain of the rivers would provide much
impaired by upstream storage reservoirs andneeded habitattosupporthealthyriparian systems,
diversions, particularly in dry and normal rainfallwildlife, and aquatic species. Today, the natural
years. A healthy streamflowpattern in the riversmeander process in each of the streams is
would emulate the natural runoff pattern, with ainhibited by dams, altered stream flows, bank
spring flow event and summer-fall-winter baseprotection, bridge abutments, and flood control
flows that maintain important ecological processeslevees. In some places, bank erosion occurs, but
and functions, habitats, and important species. Thelack of sediment stops forming of the previous
vision for streamflows is to provide a short-termbanks. The vision is to restore a portion of the
(10-day) flow event in spring that typicallynatural meander to the rivers by setting back
occurred at least once in dry and normal yearslevees, where possible, and removing structures
before dams and reservoirs were built. In addition,that inhibit the process from the meander corridor.
base flows would be provided during the
remainder of the year to sustain habitats andNATURAL FLOODPLAIN AND FLOOD
species. PROCESSES: The San Joaquin Valley formerly

had many natural overflow basins that retained
COARSE SEDIMENT SUPPLY: Gravel floodwaters, permitted sediment deposition, and
recruitment into the rivers is important inprovided fish and waterfowl habitat. Partially
providing a natural stream meander process,reactivating these important ecological functions
channel configuration, and stream substratewill contribute to overall system health and
(bottom materials where plants and animalsprovide for prolonged periods of natural
thrive), as well as essential spawning gravels forstreamflow input.andsediment Naturaloverflow

salmon and steelhead. A natural sediment supplybasins would also supply important habitat for
is also important for restoring riparian and wetlandfish, including chinook salmon and splittail, as
habitat. Sediment and recruitment well as foraging habitat for waterfowl. Thetransport gravel many
have been greatly reduced below major dams invision is to restore natural overflow basins within
zone rivers. Not only has sediment from the upperthe lower floodplains of the three rivers. This
watersheds been eliminated, but sediment from thewould provide additional flood control protection
lower rivers has been interrupted by bankfor other areas in this zone and downstream, as
protection, levees, and gravel mining. The visionwell as valuable natural wetland, riparian, and
is to supplement natural gravel below major damsaquatic habitats for fish and wildlife.
on the three rivers, where needed for salmon and
steelhead spawning habitat, riparian habitat, andCENTRAL VALLEY STREAM
natural stream channel and meander development.TEMPERATURES: Salmon and steelhead depend
In addition, where bank protection, levees, andon cool water for their survival. In the Stanislaus,
gravel mining have hindered natural sedimentTuolumne, and Merced rivers, salmon and
supply to the river, wherever possible, localsteelhead are confined to the floodplains of the
sediment supplies will be made available to therivers below large, impassable dams. Maintaining
river, cool water below the dams is essential to

maintaining salmon and steelhead in these rivers.
STR~ Mm~IDER: In their floodplains, Summer and early fall water temperatures in
Central Valley rivers naturally meander throughfloodplains of these rivers are naturally warm, but
floodplain sediments, progressively eroding theare kept cool, at least in the upper reaches below
next bank while adding to the previous bank. Thisthe dams, by coldwater releases from deeper
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bottom waters of the major reservoirs. The extentas Great Valley valley oak, Great Valley mixed
of cool water habitat below the dams depends onriparian, cottonwood-willow-sycamore,and
the amount of cold water released from the dams,elderberry savanna.
the extent of shade provided by riparian
(waterside) vegetation, the extent that dredgerFRESH1NATER FISH HABITAT: Freshwater fish
ponds are connected to the rivers, the amount ofhabitat is an important component needed to
water diverted from the river channel, and theensure the sustainability of resident native and
amount of warm water discharge into the riversanadromous fish species. The Stanislaus,
from urban and agricultural drainage. ImprovingTuolumne, and Merced rivers are typical of fall
water temperatures in the three rivers below thechinook salmon spawning streams (Moyle and
major reservoirs in this zone can contribute to theEllison 1991). The quality of freshwater fish
overall ecological health of the system andhabitat in these rivers should be maintained ¯
promote sustainable fisheries. Steelheadthrough actions directed at streamflows, coarse
particularly depend on cool summer watersediment supply, stream meander, natural
temperatures, because their young remain in thefloodplain and flood processes, and maintaining
rivers through summer before migrating to theand restoring riparian and riverine aquatic
ocean. High fall water temperatures in the lowerhabitats.
rivers hinder upstream migrations of adult fall-ran ¯
chinook salmon and steelhead. The vision forESSENTIAL FISH HABITAT: The Stanislaus, |
water temperatures in these rivers is to provideTuolumne, and Merced rivers have been identified
sufficient summer and early-fall base flows in theas Essential Fish Habitat (EFH) based on the ¯
river channels and restore the riparian corridorsdefinition of waters currently or historically
and natural stream channel characteristics thataccessible to salmon (National Marine Fisheries
limit heating of the rivers. Storing sufficientService 1998). Key features of EFH to maintain or ¯
coolwater in the reservoirs during drought willrestore in these rivers include substrate |
also help to maintain a minimum of coolwatercomposition; water quality; water quantity, depth
habitat in the rivers, and velocity; channel gradient and stability; food; ¯

cover and habitat complexity; space; access and |
VISIONS FOR HABITATS passage; and flood plain and habitat connectivity.

RIPARIAN AND RIVERINE AOUATIC VISIONS FOR REDUCING OR I
H~BITATS: Riparian and shaded riverine aquatic ELIMINATING STRESSORS
(SRA) habitats are important to the health of the ¯
rivers. They provide shade, insects and organicWATER DIVERSIONS: Water diversions along
debris that are important to the aquatic foodweb,the rivers divert not only water, but small fish.
and soil and bank protection. The riparianMany diversions are screened to reduce young ¯
corridors and related SRA habitat are impaired by fish loss. Reducing losses to screened and
lack of a natural functioning stream meanderunscreened diversions will contribute to overall
process, confinement of the river channels byecosystem health by promoting sustainable ¯
bank protection and levees, and loss of streamsidefisheries and higher population levels. The vision
vegetation to animal grazing, levee construction,is to screen those diversions that have no screens
removal of large woody debris from streamor inadequate screens where there is a potential to ¯
channels and banks, and agricultural clearing. Thescreen young fish in significant numbers. |vision is to improve and restore riparian and SRA
habitat along the three rivers, where possible andDAMS AND OTHER STRUCTURES." Upstream ¯
as needed. Included in this vision is thefall-run chinook salmon passage is often limited
consideration of other riparian communities suchby the presence of seasonally constructed
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diversion dams. The vision is to providesteelhead may impede the recovery of wild
alternative diversion methods and to coordinatepopulations by competing with and preying on
the annual removal of these dams to improve fishyoung of wild fish and reducing the genetic
passage. Some adult chinook salmon tend to strayintegrity of the wild populations by breeding with
from their natal streams by remaining in thewild fish. The vision is to improving hatchery
mainstem San Joaquin River and attempting toadult fish selection, spawning, rearing, and release
migrate above the Merced River mouth intopractices to minimize potential conflicts with the
agricultural return water. The vision is thatnaturally-spawningsalmon and steelhead
chinook salmon spawning populations in the Eastpopulations.
San Joaquin Basin Ecological Management Zone
will be increased by a seasonal weir that prevents SPECIES VISIONS
fish from migrating above the mouth of the
Merced River. CHINOOK S~aa.MON: The vision for chinook

salmon is to recover all stocks presently listed or
PREDATION ~RND COMPETITION: Predation on proposed for listing under ESA or CESA, achieve
juvenile chinook salmon by warmwater fish, such .naturally spawning population levels that support
as largemouth and smallmouth bass, in the lowerand maintain ocean commercial and ocean and
reaches of streams in the East San Joaquin Basininland recreational fisheries, and that use fully
Ecological Management Zone is a significantexisting and restored habitats. Fall-run chinook
source of mortality. The vision is that predationsalmon will benefit from improved flows.
will be reduced by a combination of actions toEnhanced spring flow events will improve
control predator populations and isolate predatortransport conditions for downstream migrating
habitat. These actions will contribute to improvedfall-run chinook. Fall and winter base-flow
survival of native San Joaquin Basin chinookimprovements will benefit upstream migrating
salmon, fall-run chinook salmon and survival of eggs and

fry. Improvements in wetland, riparian, and SRA
H/M:~EST OF FISH/~ND WILDLIFE-" The legal habitats; stream channel and meander; and gravel
and illegal anadromous fish harvest in the river,recruitment will also improve spawning and
estuary, and ocean limits recovery of wild fall-runrearing habitat. Screening unscreened and poorly
chinook salmon populations in the three rivers,screened diversions will improve young salmon
Reducing the harvest may be necessary to allowproduction. Limiting harvest will provide adequate
recovery of wild populations. The vision is tonumbers of spawners and help sustain long-term
continue to reduce the harvest of wild anadromousfishery harvest.
fish and focus legal harvest on hatchery stocks of
salmon and steelhead. STEt=LHm~D-" The vision for steelhead trout is to

recover this species listed as threatened under the ESA
ARTIFIClAL PROPAGATIONOFFISH: Stocking and achieve naturally spawning populationsof

hatchery-reared salmon in the Merced Riversufficient size to support inland recreational fishing and
supports important sport and commercial fisheriesthat use fully existing and restored habitat. Steelhead
and for the loss of salmon will benefit from improved spring flow events inhelpstocompensate
and steelhead caused by the construction of largedry and normal years. Spring flows will provide
dams and reservoirs. Hatchery fish alsoattraction for upstream migrating adults and

the numbers of support downstream migrating juveniles.supplement naturallyspawning
salmon and steelhead in the river. HatcheryImproved summer, fall, and winter base flows will
supplementation helps sustain fishable populationsmaintain fall and winter upstream migrants and
through periods of poor wild fish production (e.g., over-summering physical habitat and lower water
droughts). However, hatchery salmon andtemperatures. Steelhead will also benefit from
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improved gravel spawning habitat and streamprojects are proposed. Potential habitat for the
rearing habitat, especially if summer heating ofcuckoo will be expanded by improvements in
.the river is reduced in the process. Screeningriparian habitat areas. These improvements will
unscreened and poorly screened diversions willresult from efforts to protect, maintain, and restore
improve young steelhead production, riparian and riverine aquatic habitats throughout

the San Joaquin River and East San Joaquin
Gim~’r G~TER SN~: The vision for the Ecological Management Zones, thus sustaining
giant garter snake is to contribute to the recoverythe river meander belt, and increasing the natural
of this State and federally listed threatened speciessediment supply to support meander and riparian
in order to contribute to the overall speciesregeneration.
richness and diversity. Achieving this vision will
reduce the conflict between .protection for thisRIPARIAN BRUSH RABBIT: The vision for the
species and other beneficial uses of land and waterriparian brush rabbit is to assist in the recovery of
in the Bay-Delta. Protecting existing and restoringthis State-listed endangered species in the Bay-
additional suitable wetland and upland habitatsDelta through improvements in riparian habitat
will be critical to achieving recovery of the giantand reintroduction to its former habitat. Restoring
garter snake. The proposed restoration of aquatic,suitable mature riparian forest, protecting and
wetland, and riparian habitats in the East Sanexpanding the existing population, and
Joaquin Ecological Management Zone will help inestablishing new populations will be critical to the
the recovery of these species by increasing habitatrecovery of the riparian brush rabbit. Restoration
quality and area. of riparian habitats in the East San Joaquin Basin

Ecological Management Zone and adjacent upland
SWAINSON’S HAWK: The vision for plant communities will help the recovery of this
Swainson’s hawk is to contribute to the recoveryspecies by increasing habitat area and providing
of this State-listed threatened " species,refuge from flooding.
Improvements in riparian and agricultural wildlife
habitats will aid in the recovery of the Swainson’sSAN JOAOUIN WOODRAT." The vision for the
hawk. Increased abundance and possibly someSan Joaquin Valley woodrat is to contribute to the
nesting would be expected as a result of improvedrecovery of this federally proposed endangered
habitat, species through improvement in its habitat.

GREATER SANDHILL CRANE: The vision for SHOREBIRDS AND WADING BIRDS: The
the greater sandhill crane is to contribute to thevision for shorebirds and wading birds is to
recovery of this California species of specialmaintain and restore healthy populations through
concern. Improvements in pasture lands andhabitat protectionand restoration. Shorebirds and
seasonally flooded agricultural habitats, such aswading birds will benefit from restoration of
floodedcorn fields, should help toward recovery wetland, riparian, aquatic, and agricultural
of the greater sandhill crane population. Thehabitats. The extent of seasonal use of the East
population should remain stable or increase withSan Joaquin Ecological Management Zone by
improvements in habitat, these birds should increase.

WESTERN YELLOW-BILLED CUCKOO: The WATERFOWL: The vision for waterfowl is to
vision for the western yellow-billed cuckoo is tomaintain and restore healthy populations at levels
contribute to the recovery of this State-listedthat can support consumptive (e.g., hunting) and
endangered species. The yellow-billed cuckoononconsumptive (e.g., birdwatching) uses. Many
along the San Joaquin River and its tributaries isspecies of resident and migratory waterfowl will
not a species for which specific restorationbenefit from improved aquatic, wetland, riparian,

Volume I1: Ecosystem Restoration Program P/an
-.= ~.o~T^ East San Joaquin Basin Ecological Management Zone Vision

~. ~woGv,~ June 1999
429

C--01 9859
C-019859



I
and agricultural habitats. Increase use of the EastDWR, USFWS, and the National Marine Fisheries
San Joaquin Ecological Management Zone andService (NMFS), as well as participation and

I possibly increases in some populations would besupport from Reclamation, the U.S. Natural
expected. Resources Conservation Service, and other private

organizations, water districts, and landowners.

I NEOTROPICAL MIGRATORY BIRDS: The These groups will work together to maintain and
vision for the neotropical migratory bird guild isrestore streamflows and fish and wildlife habitat,
to restore and maintain healthy populations ofreduce impacts of diversions, minimize poaching,

I neotropical migratory birds through restoringand minimize habitat and water quality
habitats on which they depend. Protecting existingdegradation in basin streams. In support of this
and restoring additionalsuitablewetland, riparian,effort, funding may be provided to enhance

I and grassland habitats will be critical tostreamflows, reduce fish-passage problems, screen
maintaining healthy neotropical migrant birddiversions, restore habitats, and increase
populations in the Bay-Delta. enforcement of the California Fish and Game

I Code to protect recovering populations of salmon
NATIVE RESIDENT FISHES: The vision for and steelhead. Oakdale and South San Joaquin
native resident fish species is to maintain andIrrigation Districts also are active participants in

I restore the distribution and abundance, ecosystem restoration efforts on the lower
Stanislaus River. The Modesto and Turlock

I.~a~PR~t’: The vision for anadromous lampreysIrrigation Districts play important roles in

I is to maintain and restore population distributionrestoration efforts on the lower Tuolumne River.
and abundance to higher levels that at present. TheThe districts are working in cooperation with
vision is also to better understand life history andresource agencies on research and restoration

I identify factors which influence abundance. Betterprojects for fall-run chinook salmon in the basin.
knowledge of these species and restoration would
ensure their long-term population sustainability. CENTRAL VALLEY PROJECT

I IMPROVEMENT ACT
PLANT SPECIES AND COMMUNITIES: The

vision for plan species and communities is toRestoring and maintaining ecological processes

i protect and restore these resources in conjunctionand functions in the East San Joaquin Basin
with efforts to protect and restore wetland andEcological Management Zone will augment other
riparian and riverine aquatic habitats, important ongoing and future restoration efforts

I for the zone. This program will complement
INTEGRATION WITH efforts of the USFWS’s AFRP (USFWS 1995).

The goal of the program is to double the natural
OTHER RESTORATION anadromous fish production in the system over the

I PROGRAMS average production during 1967 to 1991. CVPIA
authorized the dedication and management of

i Maintaining and restoring the health of the800,000 af of CVP yield annually to implement
Ecological Management Units in the East Sanfish, wildlife, and habitat restoration purposes and
Joaquin Basin Ecological Management Zone willmeasures. Because the Stanislaus River is a CVP-

I depend on the efforts of local and State watercontrolled stream, a portion of this allocation has
management agencies. Efforts in the basin will bebeen released to the lower river to improve salmon
linked to activities of the California Waterfowl rearing and emigration (the needs of steelhead
Association, Ducks Unlimited, and The Naturewere not included in this allocation). CVPIA also

i Conservancy. Overall, these efforts will require Secretarydirectedthe of theInteriortoevaluate
cooperation from resource agencies such as DFG,and determine the existing and anticipated future
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basin needs in the Stanislaus River basin whileJoaquin River. Elements of this potential adaptive
preparing the Stanislaus River Basin andmanagement program include a range of flow and
Calaveras River Water Use Program Environ-non-flow habitat improvement actions throughout
mental Impact Statement. the watershed, and an experimental program

designed to collect data needed to develop
SALMON, STEELHE/~ TROUT AND scientifically sound fishery management options

ANADROMOUS FISHERIES for the future.

PROGRAM ACT
The future of the Agreement is unknown at this

The vision will also help the DFG reach its goal oftime. However, several actions by the San
doubling the number ofanadromous fish that wereJoaquin River Stakeholders Policy Group and
produced in 1988. other parties have been or are presently being

implemented throughout the watershed. These

AGREEMENT ON SAN JOAQUIN actions include:

RIVER PROTECTION ¯ Extensive scientific studies of the chinook

In an effort to resolve issues brought forth in the salmon fishery and habitats on the Tuolumne,

State Water Resources Control Board’s 1995 Merced, and StanislausRivers;

Water Quality Control Plan for the Bay/Delta, the¯ Districts have assisted in the bypassing ofSan Joaquin River Tributaries Association, San
Joaquin River Exchange Contractors Water high river flows around spawning areas as

Authority, Friant Water Users Authority, and the requested by State and federal agencies to

San Francisco Public Utilities Commission provide more stable flows during the fall

collaborated to identify feasible, voluntary actions spawning period;

to protect the San Joaquin River’s fish resources.
In spring 1996, these parties agreed on a "Letter̄ Improved instream flows in order to increase

of Intent to Resolve San Joaquin River Issues." naturally occurringchinook salmon

This agreement, when finalized, has the potential populations;

of providing the following:
¯ Water transfers to the USBR pursuant to the

¯ higher minimum base flows, CVPIA to help implement a portion of the
Anadromous Fish Restoration Program;

¯ significantly increased pulse flows,
¯ Chinook salmon habitat restoration work;

¯ installation and operation of a new fish barrier
on the mainstem San Joaquin River, ¯ Spawning gravel rehabilitation;

¯ Inventory and development of habitat¯ set up a new biological monitoring program,
and                                             restoration project proposals;

¯ Feasibility studies of establishment of a¯ set aside federal restoration funds to cover
costs associated with these measures, salmon hatchery and rearing facilities.

One of the important components of the
Agreement is the development of the Vernalis
Adaptive Management Program (VAMP) to
improve environmental conditions on the San

~ oJ~r~
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I
SAN JOAOUIN RIVER Tuolumne River to replace gravel captured by

MANAGEMENT PROGRAM upstream reservoirs.

,I (SJRI~IP)
LINKAGE TO OTHER

This program will complement the SJRMP, whichI was established through State legislation (Chapter ECOLOGICAL
1068/90) to develop comprehensive and MANAGEMENT ZONES
compatible solutions to water supply, water

I quality, control, fisheries, habitat, Many of the resource elements in the East Sanflood wildlife

and recreational needs in the San Joaquin River Joaquin Basin Ecological Management Zone
basin. The program resulted in a final report with depend extensively on conditions or elements inI Legislature other zones. Anadromous fish, for example, arerecommendationstothe California in
February 1995 and has now entered the highly migratory and depend on conditions in the
implementation phase, mainstem San Joaquin River, the Delta, SanI Francisco and the nearshore Pacific Ocean.Bay,

FERC LICENCE PROGRAM Because these fish are affected by stressors
throughout their range, such as unscreenedI Minimum flow requirements below each of the diversions, toxic contaminants, water quality, and

dams on the rivers are required by FERC harvest, restoring populations in the East San
hydropower licenses. Existing minimum flows in Joaquin Basin Ecological Management Zone will

I the lower Merced River are designated in FERC require corresponding efforts in other zones.
License No. 2179 for the New Exchequer Project,
issued in April 1964, and the Davis-Grunsky The ecosystem health of the East San Joaquin

I Contract No. D-GGRI7 (DWR Contract No. Basin Ecological Management Zone is highly
160282) between DWR and MID, executed in dependent on conditions in the San Joaquin River
October 1967. The Davis-Grunsky contract and Sacramento-San Joaquin Delta Ecological

I requires MID to maintain a continuous flow of Management Zones. Stressors there (water
between 180 cfs and 220 cfs in the lower Merced diversions and water quality) have a significant
River from November I through April I effect on resources in this zone. Conditions in San

I throughout the reach from Crocker-Huffrnan Dam Francisco Bay and the Pacific Ocean can also
to Shaffer Bridge. An agreement was executed in have a significant effect on resources in this zone.
1995 for the Tuolumne River between I0

I stakeholder and resource agencies. It amended the Stressors in the mainstem San Joaquin River have
license for the New Don Pedro Project to increase significant effects on resources in its tributary
instream flow releases from New Don Pedro Dam. streams. In particular, reduced streamflow and the

I Flows in this agreement were incorporated into a high input of contaminants into the mainstem San
FERC Order Amending License for the New Don Joaquin River reduces survival of anadromous
Pedro Project. fish migrating up and down the river, to and from

I spawning and rearing areas in the tributary
CALFED BAY-DELTA PROGRAM streams.

I CALFED has funded 13 ecosystem restoration Water, sediment, nutrient supply, and input of
projects in the East San Joaquin Ecological contaminants from the tributary streams in this
Management Zone. Many of the projects restore zone all influence habitat conditions in the

I portions of the Tuolumne and Merced rivers that mainstem San Joaquin River. Changes in these
have been damaged by gravel extraction factors from historical conditions have contributed
operations. Another project places gravel in the to habitat degradation on the mainstem river.
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Maintaining a healthy riparian zone and balanced
RESTORATION TARGETSsediment budget in the mainstem San Joaquin

River will depend on appropriate nutrient, water, AND PROGRAMMATIC
and sediment input from the major tributaries. ACTIONS
Water supply from the tributaries is critical to
maintaining aquatic habitat in the mainstem river
between the Merced River confluence and ECOLOGICAL PROCESSES
Vemalis, because Friant Dam diverts nearly all of
the flow from the upper San Joaquin River CENTRAL VALLL~( STREAMFLOWS
watershed.

T~G~T ’l : Maintain the following base flows in
The Sacramento-San Joaquin Delta Ecologicalthe Stanislaus River below Goodwin Dam (~,):
Management Zone provides essential habitat for
upstream migration of adult anadromous fish and̄ in critical, dry, and below-normal years,
downstream migration and rearing of juvenile minimum flows should be 200 to 300 cfs,
anadromous fish from the San Joaquin River except for a flow event of 1,500 cfs for 30
basin. Conditions in the Bay-Delta significantly days in April and May,
affect anadromous fish production in the San
Joaquin River basin, because, in most years, much̄ in above-normal years, minimum flows
of the inflow from the basin is diverted in the should be 300 to 350 cfs, except for 800 cfs in
Delta, and the loss of juvenile salmon and June and 1,500 cfs in April and May, and
steelhead in Delta water diversions is high. In
turn, the magnitude of inflow and the input of̄ in wet years, minimum flows should be 300 to
nutrients, contaminants, and sediments from the 400 cfs, except for 1,500 cfs from April
San Joaquin River and its tributaries significantly through June.
affect the health of the Bay and Delta ecosystem.
Restoring and maintaining a healthy ecosystem inPaoGaA~m’rle Ae’rION "IA: Develop a
this zone will be critical to restoring the ecosystemcooperative approach to coordinate flow releases
in the Bay and Delta. to attain target levels.

T/~RGET 2: Provide the following 10-day springAdditionally,stressorsaffectingfishandwildlife
species using the San Joaquin River basin duringflow events on the Stanislaus River: 2,500 to
at least part of their life cycle occur outside the3,000 cfs in late April or early May in normal
identified Ecological Management Zones. Foryears and 3,000 to 4,000 cfs in wet years. Such
example, ocean recreational and commercialflows would be provided only when inflows to
fisheries have a significant effect on the numbersNew Melones Reservoir are at these levels (~,).
of anadromous fish returning to spawn and rear in
the San Joaquin River basin. New harvestPROGR/~/IM~TIC ACTION 2A: Develop a
management strategies for the ocean fisheries maycooperative approach to coordinate flow releases
be needed to ensure restoration of San Joaquinto attain target levels.
tributary salmon runs.

T, aa~6L~-r 3: Maintain the following base flows in
the Tuolumne River below Don Pedro Dam (~4~):

¯ in critical and below years, flow release
should be 50 cfs from June through
September, 100 cfs from October 1-15, 150
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cfs from October 16-May 31, plus an 11,091 PROGFIAIVlMATIC ACTION 3A: Develop a
acre-foot outmigration pulse flow, cooperative approach to coordinate flow releases

to attain levels.target
¯ in median critical dry years, flow release

should be 50 cfs from June throughT~’:~GEI" 4: Maintain the following base flows in
September, 100 cfs from October 1-15, 150 the Merced River below Lake McClure:
cfs from October 16- May 31, plus a 20,091
acre-foot outmigrationpulse flow, ¯ in dry years, minimum instream flows at

Shaffer Bridge should be 15 cfs from June
¯ in intermediate critical dry years, flow release through October 15, 60 cfs from October 16

should be 50 cfs from June through through October 31and January through May,
September, 150 cfs from October 1-15, 150 and 75 cfs in November and December, and
cfs from October 16- May 31, plus a 32,619
acre-foot outmigrationpulse flow, ¯ in normal years, minimum instream flows

at Shaffer Bridge should be 25 cfs from June
¯ in median dry years, flow release should be 75 through October 15, 75 cfs from October 16

cfs from June through September, 150 cfs through October 31 and January through May,
from October 1-15, 150 cfs from October 16- and 100 cfs in November and December.
May 31, plus a 37,060 acre-foot outmigration
pulse flow, PROGt~d~MAT~C ACTION 4,a,: Develop a

cooperative approach to coordinate flow releases
¯ in intermediate dry-below normal years, flow to attain target levels.

release should be 75 cfs from June through
September, 180 cfs from October 1-15, 180 TARGET 5: Provide the following I 0-day spring
cfs from October 16- May 31, plus a 35,920 flow events on the Merced River: 1,000 to
acre-foot outmigration pulse flow and a 1,676 1,500 cfs in late April or early May in dry years,
acre-foot attraction pulse flow, 2,000 to 2,500 cfs in normal years, and 3,000 to

4,000 cfs in wet years. Such flows would be
¯ in median below normal years, flow releaseprovided only when inflows to Lake McClure are

should be 75 cfs from June throughat theselevels(~,.).
September, 200 cfs from October 1-15, 175
cfs from October 16- May 31, plus a 60,027 PROGR/!/dMATIC ACTION 5A: Develop a
acre-foot outmigration pulse flow and a 1,736 cooperative approach to coordinate flow releases
acre-foot attraction pulse flow, to attain target levels.

¯ in all other year types (intermediate belowRAT/O/Ca.LEzFlows in the Stanislaus, Tuolumne,
normal/above normal, median above normal,and Merced Rivers are controlled by releases
intermediate above normal-wet, and medianfrom foothill storage reservoirs (New Melones,
wet/maximum years), flow release should beNew Don Pedro, and New Exchequer Reservoirs,
250 cfs from June through September, 300 cfsrespectively). Improving base flows wouM
from Octoberl-15,300cfsfromOctober 16- increase habitat for spawning, rearing, and
May 31, plus a 89,882 acre-foot outmigration migration of salmon and steelhead. Pulse flows in
pulse a 5,950 spring help to restore streamflow and acre-footattraction would natural
pulse flow. channel processes; gravel recruitment, cleansing,

and transport; and riparian vegetation
and survival, also wouMdevelopment These flows
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help to support juvenile salmon and steelhead on land use changes in the floodplain that could
emigration to the Delta. be inundated by the flow events. The flow event is

closely related to recommendations in this section
In all cases, flows will continually subject to the regarding stream meander corridor and natural
developing aspects of adaptive management in floodplains and floodprocesses.
which decisions are based on the development and
evaluation of testable hypotheses. Flow Minimum flows are necessary in the salmon and
recommendations are linked to water quantity and steelhead spawning and rearing areas of each of
quality and in the long-term should be designed to the three rivers to sustain adequate physical
contribute to species maintenance and restoration, habitat, water temperatures, and food supply for
improving natural or semi-natural ecological juvenile salmon and steelhead, both of which may
functions, and assist in promoting the be year-round residents. In some cases, base flows
sustainability of specific types of habitat important may be higher than unimpaired flow. Such flows
to fish, wildlife and plant communities, are necessary, because spawning and rearing

habitats for juvenile salmon and steelhead,
Given the wide variety of past and recent flow traditionally located upstream of the dams, now
recommendations, it is apparent that much are locateddownstream.
additional information is required to better use
existing water supplies to meet all the beneficial Flow events are recommended during spring to
uses, with particular focus on the ecosystem more closely emulate the natural spring peak-flow
requirements. The basis for ERPP flow pattern. Such flows stimulate and support
recommendations eventually will differ downstream juvenile salmon and steelhead
significantlyfrom flow recommendations based on migration. The spring flow will also mobilize,
the needs of chinook salmon migration, spawning, clean, and transport spawning gravels; create
and rearing. Salmon flows will likely continue to point bars and other instream habitat types; and
form the core of flow needs, but from the contribute to a natural channel meandering
ecosystem perspective, flows will need to meet the pattern and riparian scrub and woodland habitat
need of sediment transport and other channel development and maintenance.
maintenance processes as well as contribute to
sustaining a diversity of aquatic, floodplain and DFG (1993) believes existing flow requirements
other closely linked habitats such as seasonal are inadequate for fall-run chinook salmon
wetlands and riparian forests. Still, the present migration, spawning, egg incubation, juvenile
recommendations for "ecosystem" flows suffer rearing, and smolt emigration on the Merced

from insufficient data regarding better estimates River. Adequate releases for upstream attraction
of sediment transport and channel maintenance of adults and spawning begin on November 1, but
flows. These are very important aspects of migration typically begins in October. The current
integrating flow prescriptions with actual spawning and rearing flow requirements are not
ecosystem restoration requirements and will the result of scientific studies and may be too low
require the development of testable hypotheses to meet spawning and rearing needs. Flows in the
and the monitoring and research programs spawning reach during the spawning and early
necessary to collect and evaluate data to support rearing period are further depleted by water
or refute the hypotheses, diversions. Spring flows for smolt emigration are

particularly inadequate.
The recommended flow event on the Stanislaus
River may be constrained in the short-term by Flow targets recommended by DFG (1993)for the
flood control concerns below Goodwin Dam. Full lower Merced River were derived from instream
implementation of the proposed flows may depend flow study and smolt survival data from similar
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drainages. Recommended flows during the spring meet these needs in drier years and to support
emigration period are consistent with proposed stream channel and riparian habitat processes.
spring outflow objectives for the basin at Vernalis
on the San Joaquin River. Although the proposed Existing minimum fishery flows in the lower
flows are a significant improvement over the Stanislaus River are designated in a 1987 study
current flow releases, they are not the most agreement between Reclamation and DFG. This
favorable for salmon spawning, rearing, or agreement, enacted under a DFG protest of
emigration, particularly in drier years (California Reclamation’s water right applications to redivert
Department ofFish and Game 1993). water from New Melones Dam, specifies interim

annual flow allocations for fisheries between
Flow targets recommended by USFWS (1995) for 98,300 af and 302,100 af, depending primarily on
the Merced River were developed by the AFRP carryover storage at New Melones and inflow.
San Joaquin Basin Technical Team. Instream flow schedules are set annually by DFG
Recommended flows were derived from historical in the total annual flow allocation specified in the
flows and results of biological studies. The team agreement. In recent years, coordinating fishery
believes that implementing the flow schedule, and water quality flow releases and releases for
along with other recommended actions, would water sales and transfers have resulted in
double natural fall-run chinook salmon additional flow releases that significantly benefit
production in the Merced River. anadromous fish.

For the lower Tuolumne River, an agreement was DFG (1993) stated that the existing flow
executed in 1995 between 10 stakeholder and requirements are inadequate for fall-run chinook
resource agencies. It amended the license for the salmon migration, spawning, egg incubation,
New Don Pedro Project to increase instream flow juvenile rearing, and smelt emigration on the
releases from New Don Pedro Dam. Flows in this Stanislaus River. Spring flows for smelt
agreement were incorporated into a FERC Order emigration are particularly inadequate. There is
Amending License for the New Don Pedro Project a positive relationship between spring outflow at
(July 1996). This new flow agreement is based on Vernalis on the San Joaquin River and at Ripen
ten different water year types. These new flows on the Stanislaus River to adult escapements into
should be viewed as the experimental baseline for the basin 2½ years later. Results of smelt survival
restoring chinook salmon and for their studies completed on the Stanislaus River thus far
contribution inpromotinga.healthyalluvialriver indicate a positive relationship between smelt
system, survival and spring flow releases. April through

May flow events are prescribed for these reasons.
Flow targets were recommended by DFG (1993)
for the lower Tuolumne River following results of Flow targets recommended by DFG (1993)for the

instream flow study (TJ.S. Fish and Wildlife lower Stanislaus River were formulated froman
Service 1993) and smelt survival studies. Flow results of an instream flow study (U.S. Fish and
needs recommended by DFG are met in many Wildlife Service 1993) and smelt survival studies.

by flows specified in the settlement Flows for October through March wereyear-types
agreement. However, DFG (1993) stated that, determined from results of the instream flow study
although its flow recommendations were a for salmonspawning, eggincubation, andrearing.
significant improvement over the recent historical Flows during April and May determined from
flow releases, they are not the most favorable for results of the smelt survival studies. The flows are
salmon spawning, rearing, or emigration, consistent with spring outflow objectives proposed
particularly in drier years. The recommended flow for the basin at Vernalis on the San Joaquin River.
pulses in April and May are prescribed to better Summer flows addressed needs of oversummering
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yearling salmon and steelhead. Although these impoundments in the East San Joaquin Ecological
flow targets are a significant improvement over Management Zone. ¯
the current flow releases, they are not the best
possible for salmon spawning, rearing, or PROGRaMMaTIC ACTION 1B-" Evaluate
emigration, particularly in drier years (California spawning gravel quality in areas used by chinook
Department ofFish and Game 1993). Again, this salmon in the Stanislaus River. If indicated,
is the reason for recommending additional April renovate or supplement gravel supplies to enhance
through Mayflowpulses. substrate quality by importing additional gravel as

conditions require.
Flow targets recommended by USFWS (1995) for
the Stanislaus River were developed by the San PROGRAMMATIC A~FION 1 C: Evaluate
Joaquin Basin Technical Team. Recommended spawning gravel quality in areas used by chinook
flows were derived from historic flows and results salmon in the Tuolumne River. If indicated,
of biological studies. The team believes that renovate or supplement gravel supplies to enhance
implementing the flow schedule, in concert with substrate quality.
other recommended actions, wouM double natural
fall-run chinook salmon production in the PROGR.,a~M~TIC ACTION 1D: Evaluate
Stanislaus River spawning gravel quality in areas used by chinook

salmon in the Merced River. If indicated, renovate
It is important to note that all of the agreed upon or supplement gravel supplies to enhance substrate
or proposed flows (AFRP, Tuolumne River quality.
Settlement Agreement, FERC, VAMP, Davis-
Grunsky, and DFG .recommended flows) in the R~TlOtlt~d.E: Gravel transport is the process
Stanislaus, Tuolumne, and Merced rivers were wherebyflows carry awayfiner sediments that fill
designed to facilitate chinook salmon recovery, gravel interstices (spaces between cobbles).
and little or no consideration was given to Gravel cleansing is the process whereby flows
steelhead recovery in the design of these flow transport, grade, and scour gravel. Gravel
strategies. Flow and temperatures requirements transport and cleansing, by flushing most fines
of steelhead will need to be evaluated and and moving bedload, are important processes to
integrated into the proposed flow regimes, maintain the amount and distribution of spawning

habitat in the Sacramento-San Joaquin River
CO/M~SE SEDIMENT SUPPLY basin. Human activities have greatly reduced or

altered these processes. Opportunities to maintain
TARGET 1 : Reduce existing levels of erosion and and restore these processes include changing
maintain gravel recruitment in tributaries that water flow, sediment supplies, and basin
sustain an adequate level of gravel recruitment, or geomorphology (earth forming process);
restore desirable levels by directly manipulating removing stressors; or manipulating channel
and augmenting gravel supplies where the natural features and stream vegetation directly.
flow process has been interrupted by dams or
other features that retain or remove the gravel A feasibility study that emphasizes the hydrologic
supply (~,). and fluvial geomorphologic aspects of the three

watershed need to be conducted early in the
PROGRAMMATIC ACTION 1A: Evaluate the program to provide guidance of the development
feasibility and need for establishing long-term and implementation of potential sediment
coarse sediment augmentation and fine sediment augmentation programs. This will require the
control programs for streams below major expertise and knowledge of trained experts. Itmay

be that gravel deposits in streams of the East San
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I
Joaquin Basin EcologicalManagementZone are natural stream channel to 2.5 to 5 miles of
essential to maintain spawning and rearing disturbed stream channel (~).

I habitats of fall-run chinook salmon, steelhead,
and other native fish. Opportunities to maintain PROGRAMMATIC ACTION 2A: Develop a
and restore gravel recruitment include cooperative program, consistent with flood

I manipulating naturalprocessesandcontrollingor management, to restore more natural channel
managing environmental stressors that adversely configurations to reduce salmonid predator habitat
affect recruitment, and improve migration corridors.

I                  STREAM MEANDER              PROGRAMMATIC ACTION 2B: Work with

permitting agencies to appropriately structure
TARGET 1 : Preserve and expand the stream- future gravel extraction permits. Coordinate the
meander belts in the Stanislaus, Tuolumne, anddesign and implementation of gravel pit isolation
Merced Rivers by adding a cumulative total ofand stream channel configuration with the Corps,

i 1,000 acres of riparian lands in the meander zoneslocal water management agencies, and local
(~). governments.

i PROGRAMMATIC ACTION 1A: Acquire PROGRAMMATIC ACTION 2C: Develop a
riparian and meander-zone lands by purchasingcooperative program with the counties, local
them directlyoracquiringeasementsfromwillingagencies, and aggregate (sand and gravel)

I sellers, or provide incentives for voluntary effortsresource industryto develop and implement gravel
to preserve and manage riparian areas on privatemanagement programs for each of the three rivers.
land.

i PROGRAMMATIC ACTION 2D: Develop a
PROGRAMMATIC ACTION 1 B: Build local cooperative program to implement a salmonid
support for maintaining active meander zones byspawning and rearing habitat restoration program,

i establishing a mechanism through which propertyincluding reconstructing channels at selected sites
owners would be reimbursed for lands lost toby isolating or filling in inchannel gravel
natural meander processes, extraction areas.

I ACTION lC: Develop a i~artotu~d.£: Stream meander, natural sediment
cooperative program to improve opportunities forsupply, and floodplain and flood processes are
natural meander by removing riprap andclosely linked and some of the programmatic

I relocating other structures that impair streamactions under stream corridor would also be
meander, appropriate for natural sediment supply or

floodplain processes. Between 1942 and 1993,

i TARGET 2: On the Merced River between the approximately 6.8 to 13.6 million tons bedof
towns of Cressey and Snelling, isolate gravel pits,material were mined from the active Merced River
reconfigure (rearrange) dredge tailings, andchannel The pits that resulted from this

I restore a more natural channel configuration to 5excavation approximately 4 miles of theoccupy
to 7 miles of disturbed stream channel. On theexisting river channel between the towns of
Tuolumne River, between river miles (R_Ms) 25Cressey and Snelling (Kondolf et al. 1996).

i and 51, isolate 15 to 30 gravel pits, reconfigureRestoration planning for the lower Tuolumne
dredge tailings, and restore a more natural streamRiver has identified the need for channel
channel to 6 to 9 miles of disturbed streamreconstruction inapproximately8.5totalmiles, or

I channel. On the Stanislaus River, restore a more42%, of the spawning reach (from RM45.3 to RM
25.1), isolation of backwater areas at

I
~ oa~J)
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approximately 20 sites located from RM 50.3 to PROGRAMMATIC ACTION 1 E: Develop a
RM 30.1, and isolation of gravel pits from the floodplain management plan for the Tuolumne
active channel at approximately 10 locations from River.
RM 50.0 to RM 30.5. Gravel mining was less
extensive on the lower Stanislaus River, but PROGRAMMATIC ACTION 1 F-" Develop a
channel improvements there are also needed, floodplain management plan for the Merced

River.
Stream channel restoration to isolate or reduce
gravel extraction pits has been identified as an P~aT/ON~.~: Setback levees will provide greater
important component of a comprehensive floodplain inundation, room for stream meander,
spawning and rearing habitat improvement and greater amounts of riparian forest and
program in the basin (California Department of seasonal wetland habitats along the lower rivers.
Fish and Game 1993, U.S. Fish and Wildlife Channel configuration adjustments may be
Service 1995). necessary to accelerate restoration of natural

floodplain habitats and to restore and maintain
Additional research or technical advice is configurations that may not occur naturally due to
required to better understand and develop specific remaining constraints from new setback levees.
projects designed to improve stream channel Permanent structures, such as bridges and
meander, improve sediment supplies, and to diversions dams can interrupt and impair natural
increase the benefits of the interaction of streams floodplain processes and habitat development and
with theirfloodplains, succession, thus requh, ing removal of the

structures, rebuilding, or some continuing
NATURAl. FLOODPI.AIN IM~ID maintenance or mitigative efforts to minimize their

FLOOD PROCESSES effects.

TARGET 1 ." Restore and improve opportunities The present channel capacity of the Tuolumne
for rivers to inundate (flood) their floodplain on a river is about 9, 000 cfs which is not large enough
seasonal basis (~). to meet the needs of maintaining a healthy alluvial

river ecosystem. The January 1997flood on the
PROGP~MI~II~TIC ACTION 1A." Conduct a lower Tuolumne River peaked at 60,000 cfs and
feasibility study to construct setback levees in theprovided a glimpse of the resiliency of the
Stanislaus, Tuolumne, and Merced RiverTuolumne River. While the high flows damaged
floodplains, development in the floodplain, it also created

alternate bars in the channel, recruited gravel
PRO~t:I~MI~Tle Ae’rlON 111: Restore, as from the banks as the river meandered, and
needed, stream channel and overflow basinplaced large woody debris in the stream channel.
configurations within the floodplain. As a result of the 1997 floods, the Governor’s

Flood Emergency Action Team Final Report (May
PROGP, AMMATIC ACTION lC’- Minimize 10, 1997) recommended that the U.S. Army Corps

of Engineers conduct a study to increase theeffectsof permanentstructures,such bridges
and diversion dams, on floodplain processes, channel capacity in the Tuolumne river to convey

flows up to 20,000 cfs. This wouM more than
PROGP, JM~MATIC ACTION 1 D-" Develop a double the present 9,000 cfs capacity, mimic the
floodplain management plan for the Stanislausseasonal peak to a greater degree, and provide
River. additional ecological benefits while providing

greater flexibili~y to manage floods. An expanded
floodway on the Tuolumne river wouM also
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I address the implementation objectives related to temperatures are thought to delay migration and
natural sediment supply, stream meander, and spawning (California Department of Fish and

I stream temperatures. Game 1992), reduce egg survival, and increase
mortality of rearing and outmigrating juveniles

Other benefits of improving the quantity of (California Department ofFish and Game 1993).

I floodplains include: The target temperature levels would maintain
suitable habitat for chinook salmon for spawning,

¯ increased shading and food web support, rearing, and outmigration throughout the lower

I ¯ re-establishment of stream meander, and rivers. These levels are identified in DFG (1993)
¯ potential conversion of agricultural land to and in USFl~S (1995). Temperature models need

floodplain and the reduced needfor diversion, to be developed and calibrated to determine the

I feasibility of providing the flows necessary to
CENTRAL VALLEY STREAM maintain 60° F in the designated salmon spawning

TEMPERATURES areas from June 1 through September 30 to

I provide the necessary conditions for steelhead
TARGET 1 : Maintain maximum surface water rearing.
temperatures on the lower Merced, Tuolumne, and

i Stanislaus rivers to the downstream boundary of High water temperature below dams in summer is
the salmon spawning area (as defined by Fish and a c~itical stressor for steelhead throughout the
Game Code section 1505) during summer, fall and Central Valley drainages (1EP Steelhead Project

i winter and to the mouth of the river during the Workteam 1999). Because juvenile steelhead must
spring as follows (~,I~): rear for at least one year in fresh water, adequate

temperatures must be maintained year-round.

I ¯ June 1 through September 30, 60 °F Providing the necessary cool temperatures in the
¯ October 15 through February 15, 56°F, and reaches that contain rearing habitat will be
¯ April 1 through May 31, 65 °F. necessary to achieve steelhead recovery in these

I streams.
PROGRAMMATIC ACTION 1A: Cooperatively
evaluate the use of temperature control HABITAT

I devices/reservoir management options to reduce
water temperatures during critical periods. GENERAL HABITAT RATIONALE

I PROGRAMMATIC ACTION 1 B: Evaluate the The primary focus of habitat restoration in the
impact of irrigation returns on stream temperature. East San Joaquin EcologicalManagement Zone is

directed at restoring riparian and riverine aquatic

i RATIONALE: Water temperatures in the lower habitats. Many other habitat are important in
rivers in fall and spring often exceed stressful providing for the diversity offish, wildlife and
or lethallevelsforfall-runchinooksalmon. High plant species in this zone including seasonal

I temperatures typically occur in droughtperiods, wetlands, fresh emergent wetlands, and
when storage levels in reservoirs have dropped agricultural lands. Important areas that will
sufficiently to allow warm surface waters to be provide these types of habitats include Merced

I included in storage releases to the lower river. National Wildlife Refuge and San Joaquin River
Retaining water over the summer that may National Wildlife Refuge which overlaps the East
otherwise be released for downstream irrigation San Joaquin and San Joaquin River Ecological
or other purpose may allow the cold water in the Management Zones. In addition, the Central

to through early fall Valley Habitat Joint Venture is implementingreservoirs beretained the
critical temperature period. Elevated recommendations to improve seasonal wetlands
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and agricultural lands through out the San RIPARIAN AND RIVERINE AQUATIC
Joaquin River and East San Joaquin Ecological HABITAT
Management Zones.

T~,RG~=’r 1 : Provide conditions for riparian
Expansion of the San Joaquin River NWR will be vegetation growth along sections of rivers in the
an important component in providing the habitats East San Joaquin Basin Ecological Management
required by waterfowl, shorebirds, and other Zone (.~).
neotropical migrant species. Congress has
approved the 10,300 acre San Joaquin River PROGRAMMATIC ACTION 1A: Purchase
NWR. Presently, the San Joaquin NWR streambank conservation easements from willing
encompasses about 800 acres of land along the sellers, or establish voluntary incentive programs
east side of the San Joaquin River near the to improve salmonid habitat and instream cover
confluence of the Tuolumne River, and is working along the Stanislaus River.
to acquire an additional 6,200 acres offish and
wildlife habitat on land adjacent to the existing PROGR/IdVIMATIC ACTION ’l B: Evaluate the
refuge. Part of this expansion has recently been benefits of restoring aquatic and riparian habitats
funded through the CALFED Category 111habitat on the Stanislaus River, including creating side
restoration program. This project will benefit channels to serve as spawning and rearing habitats
Aleutian Canada geese, greater sandhill crane, for salmonids.
western yellow-billed cuckoo, Swainson’s hawk,
riparian brush rabbit, riparian wood rat, valley PROGRAMMATIC ACTION ’1C-" Purchase
elderberry longhorn beetle, splittail, waterfowl, streambank conservation easements from willing
shorebirds, herons, and neotropical migratory sellers, or establish voluntary incentive programs
birds, to improve salmonid habitat and instream cover

along the Tuolumne River.
The Central Valley Habitat Joint Ventures goals
for the San doaquin Valley, including the East San PROGRAMMATIC ACTION 1 D: Purchase
Joaquin Ecological Management Zone, are to." streambank conservation easements from willing

sellers, or establish voluntary incentive programs
m Protect 52,500 acres of existing wetland in to improve salmonid habitat and instream cover

perpetuity through fee acquisitionor along the Merced River.
conservation easements,

RAT/ON~.£: Many wildlife species, including
~ Restore andprotect in perpetuity 20, 000 acres several species listed as threatened or endangered

of former wetlands, under the State and federal Endangered Species
Acts (ESA) and several special-status plant

¯ Enhance 120,300 acres ofexistingwetlands, species in the Central Valley, depend on or are
and closely associated with riparian habitats. Riparian

habitats support a greater diversity of wildlife
¯ Enhance 15,290 acres ofprivate agricultural species than all other habitat types in California.

lands to support nesting and wintering Degradation and loss of riparian habitat have
waterfowl, substantially reduced the habitat area available

for associated wildlife species. Loss of this habitat
Some of these habitat improvement and has reduced water storage, nutrient cycling, and
restoration projects will occur in the East San foodweb support functions.
doaquin Ecological Management Zone.

|
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I
Improving low- to moderate-quality SRA habitat East San Joaquin Ecological Management Zone
will benefit juvenile chinook salmon and steelhead ecological processes, stressor reduction, and

I by improving shade, cover, and food Other riparian and riverine aquatic habitat should
wildlife in this Ecological Management Zone will suffice to maintain and restore freshwater and
also benefit from improved habitat. Protecting and essential fish habitats. For example, maintaining

I improving SRA habitat may involve land use freshwater andessentialfish habitats is governed
changes that will require the consensus of local by actions to maintain streamflow, improve coarse
landowners and local, State, and federal agencies, sediment supplies, maintain stream meander,

I Limitations on land suitable or available for maintain or restore connectivity of the rivers in
restoration will require establishing priorities, this ecological management zone and their
with efforts directed at acquiring high-priority, floodplains, and in maintaining and restoring

I low-cost sitesfirst, riparian and riverine aquatic habitats.

Riparian habitat along the lower portions of the STRI=SSOFIS

I three rivers has been significantly reduced Before
the loss of habitats, riparian forests were an WATER DIVERSIONS
important component of the mosaic (mixture) of

I habitats in the San Joaquin Valley, providing TARGET 1 : Reduce entrainment offish and other
habitat for many native wildlife species. The aquatic organisms into diversions to a level that
riparian eommunityprovides nutrient and woody will not impair salmon and steelhead restoration

I debris input to the aquatic system, as well as by screening 50% of the water volume diverted in
shade and increased bank stability. To restore the the basin (~).
riparian community along the lower rivers, further

I riparian vegetation removal should be restricted, PROGRAMMATIC ACTION 1A: Improve
improved land management and livestock grazing existing diversion screens on the lower Merced
practices should be implemented, and a riparian River.
restoration program should be developed and

I implemented. Restoration actions will need to be PROGRAMMATIC ACTION 1 B: Evaluate the
consistent with flood control requirements. The feasibility of installing state-of-the-art screens on

I importance of riparian restoration was identified small pump agricultural diversions along the three
by DFG (1993) and USFWS (1995). streams.

FRESHWATER FISH HABITAT AND PROGRAMMATIC ACTION lc: Provide alter-I ESSENTIAL FISH HABITAT native water sources to diverters who legally
divert water from spawning and rearing areas of

TARGET 1 : Maintain and improve existing the three streams,I freshwater fish habitat and essential fish habitat
through the integration of actions described for PROGRAMMATIC ACTION 1 D: Purchase water
ecological processes, habitats, and stressor rights from willing sellers whose diversionsI or entrain significant numbers of juvenile salmon orreduction elimination.

steelhead.
PROGrO~TIC ACTIONS: No additional

I RA T/ONALE: Five medium-sized gravity riparianprogrammaticactionsare recommended.
diversions are located in the designated salmon

17~TIONALE: Freshwater fish habitat and spawning reach of the lower Merced RiverI essentialfish habitat are evaluated in terms of between Dam and the StateCrocker-Huffman
their quality and quantity. Actions described for Route 59 bridge. Water-powered screens and
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nominal bypass systems were installed on two I~rtONAZ.E:ln recent years, drainage practices
larger diversions in the mid-1980s. Gabion-type in western Merced County have increased
screens without bypass systems remain on the agricultural return flows from Salt and Mud
other three diversions. In addition, DFG surveys Sloughs into the mainstem San Joaquin River.
have identified numerous small pump diversions These flows attract significant numbers of adult
throughout the basin, none of which are salmon into the sloughs and, subsequently, into
adequately screened to prevent juvenile salmon irrigation canals, where no suitable spawning
entrainment. Entrainment losses at these pump habitat is available (California Department of
diversions are unknown. Screening 50% of the Fish and Game 1993). 1n fall 1991, an estimated
diverted water volume at diversions with greatest 31% of the San Joaquin basin run strayed into
risk to juvenile salmon and steelhead, as westside canals. In the late 1980s, DFG
determined by monitoring, will help to define established an adult trapping station at Los Banos
further screeningneeds. Wildlife Refuge, where eggs were taken and

reared at MRH. In fall 1992, DFG installed a
DAMS AND OTHER STRUCTURES temporary electrical barrier across the mainstem

San Joaquin River immediately upstream from the
TARGET 1 : Eliminate the loss of adult fall-run confluence with the Merced River, which was
chinook salmon that stray into the San Joaquinhighly effective in blocking fish passage into the
River upstream of the Merced River confluencewestside irrigation canals. Since that time, a
(,~,). temporary weir has been installed at the site

annually, which has also been effective in
PROGRAMMATIC ACTION 1A: Develop a blocking passage.
cooperative program to eliminate blockage of
upstream-migrating fall-run chinook salmon andTemporary diversion dams are sometimes
steelhead at temporary irrigation diversion damsconstructed in the river channel during the
erected during the irrigation season, irrigation season. Such structures may hinder

upstream salmon migration in the fall and early
PROG~aa~W, TIC ACTION 1 B: Continue winter.
annual installation of a temporary weir on the San
Joaquin River immediately upstream of theBecause of the magnitude of spawning and
confluence with the Merced River to block adultrearing habitat loss for steelhead, providing
salmon migration, access to historical habitat that is currently

inaccessible due to dams will be a key element in
PROGi~MVIlVI~TIC A~TION lC: Evaluate the their recovery. The feasibility of providing a
need to remove temporary diversion dams thatmeans to transport adults and juveniles around
block upstream salmon and steelhead passage intothe large dams needs to be investigated in the San
spawning grounds of three streams. Joaquin River system.

TARGET 2: Evaluate the feasibility of restoring PREDATION ,AND COMPETITION
steelhead access to historical habitats.

T,a~GE’r 1 : Reduce adverse effects of non-native
PROGRAMMATIC ACTION ~e~,: Investigate the fish species that have a significant effect on
feasibility of providing access to historicaljuvenile salmon production in the rivers (,).
steelhead spawning and rearing habitat above the
dams on at least one of the three tributaries. PROGR/M~MATIC ACTION 1A: Eliminate

gravel pits within or connected to the rivers.
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I i~rlON,~.~:Introduced warmwaterfish, such as i~rto~g.~: Restoring and maintaining chinook
largemouth andsmallmouth bass, prey on juvenile salmon and steelhead populations, as well as

I salmonids rearing in the lower Merced River. striped bass and white and sturgeon, togreen
Predation has been identified as a major factor levels that fully take advantage of available
contributing to the poor survival of salmon smolts habitat may require restrictions on harvest during

I emigrating from the river. Large pit areas created and even after the recovery period. Stakeholder
by inchannel gravel mining are excellent habitat involvement should help to fairly balance
for warmwater fish. Implementing a predator available harvest allocation. Target population

I controlprogram has been identified as a salmonid levels maypreclude existing harvest levels of wild,
restoration action by USFWS (1995). Habitat naturally produced fish. For populations
improvement actions described above should help supplemented with hatchery fish, selective

I to reducepredatorpopulations oflargemouth and fisheries may be necessary to limit the wild fish
smallmouth bass. Other species of possible harvest while hatchery fish are harvested to
concern include striped bass, American shad, and reduce their potential to disrupt the genetic

I resident rainbow and brown trout. Allpotentially integrity ofwildpopulations. The Fish and Game
occur in the three rivers, and all are known to Commission recently adopted    DFG
feed on juvenile salmon and possibly steelhead. If recommendations to establish a selective fishery

I any of these species become a problem, steps will for hatchery steelhead and to reduce incidental
be taken to reduce their effects, hooking of wild steelhead in the San Joaquin and

other Central Valley streams.

I HARVEST OF FISH AND WILDLIFE
ARTIFICIAL PROPAGATION OF FISH

TARGET 1: Develop harvest management

I strategies that allow the spawning population of T~ad:lG~" 1 : Minimize the likelihood that
wild, naturally produced fish to attain levels that hatchery-reared salmon and steelhead could stray
fully use existing and restored habitat; focus into adjacent non-natal rivers and streams to

I harvest on hatchery-produced fish (~). protect naturally produced salmon and steelhead

PROG~MATIC ACTION 1A: Control illegal

I harvest through increased enforcement. PROGRAMMATIC ACTION 1A: Cooperatively
evaluate the benefits of limiting stocking of MRH-

PROGI~MMATIC ACTION 1 a: Develop reared salmon and steelhead to the Merced River.

I harvest management plans with commercial and
recreational fishery organizations, resource T,~ff~GET 2: Employ methods to limit straying
management agencies, and other stakeholders to and loss of genetic integrity of wild and hatchery-

i meet target, supported stocks (~’~).

PROGRAMMATIC ACTION lC: Reduce the PROGRAMMATIC ACTION 2A: Rear hatchery

I harvest of wild, naturally produced steelhead salmon and steelhead in hatcheries on natal
populations by continuing to mark all hatchery- streams to limit straying.
reared fish and continuing to institute a selective
fishery. PROGRAMMATIC ACTION 2B: Limit stockingI of salmon and steelhead fry and smolts to natal
PROGRAMMATIC ACTION 1D: Evaluate a watersheds to minimize straying that may
marking and selective fishery program for chinook compromise the genetic integrity of naturally

I producing populations.salmon.
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RATIOtqAI~: ln watersheds like the San Joaquin of west coast steelhead from Washington,
basin, where dams and habitat degradation have Idaho, Oregon, and California. U.S. Dept.
limited natural spawning, some hatchery Commerce, NOAA Tech. Memo. NMFS-
supplementation may be necessary to sustain NWFSC-27.
fishery harvest at former levels and to maintain a
wild or natural spawning population during California Dept. ofFish and Game. 1997. Letter
adverse conditions, such as droughts. However, from Jacqueline Schafer to Garth Griffen
hatchery augmentation should be limited so it (NMFS) regarding CDFG comments on
does not inhibit recoveryandmaintenance of wild Proposed Rule to list steelhead under the
populations. Hatchery-reared salmon and Endangered Species Act, dated 1/6/97.
steelhead might directly compete with and prey on
wild salmon and steelhead. Straying of adult 1996. Steelhead restoration and
hatcheryfish into non-natal watersheds might also management plan for California. February
threaten the genetic integrity of wild stocks. 1996.
Hatchery fish might also threaten the genetic
makeup of stocks in natal rivers. Some general 1993. Restoring Central Valley
scientific informationandtheoryfromotherriver Streams: a plan for action. November.
systems indicate that hatchery supplementation Sacramento, CA.
may limit the recovery and long-term maintenance
of naturally producing salmon and steelhead . 1992. Interim actions to reasonably
populations. Further research and protect San Joaquin fall-run chinook salmon.

experimentation are necessary to determine how (WRINT-DFG Exhibit 25.) Sacramento, CA.
this issue is addressed. Long-term hatchery Prepared for the Water Rights Phase of the

augmentation of healthy wild stocks may State Water Resources Control Board Bay-

genetically undermine that stock and threaten the Delta Hearing Proceedings. June.

genetic integrity of other stocks.
Central Valley Habitat Joint Venture. 1990.

Central Valley Habitat Joint Venture
Adult straying into non-natal streams might result Implementation Plan, a component of the
in interbreeding with a wild population North American Waterfowl Management
specifically adapted to that watershed and thus Plan. February 1990.
lead to the loss of genetic integrity in the wild
population. Releasing hatchery-rearedfish into Demko, D.B. and S.P. Cramer. 1997. Outmigrant
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WEST SAN JOAQUIN BASIN ECOLOGICAL
MANAGEMENT ZONE

of remaining wetland habitat and associated
upland communities.

The West San Joaquin Ecological Management
Zone also contains several stands of Central
California sycamore alluvial woodlands. The
largest of these stands is located on Los Banos
Creek, in Merced County. The principal
environmental conditions necessary for the
perpetuation of this community are intermittent
flooding over broad floodplains and stable
subterranean water table during dry summer
months (California Department ofFish and Game
1997).

INTRODUCTION Although the overall vision for this Ecological
Management Zone is directed by its ability to

The West San Joaquin Basin Ecologicalcontribute to the ecological health of the
Management Zone includes the eastem slope ofSacramento-San Joaquin Delta, there exist many
the Coast Range and portions of the southwesternopporttmities to build upon the CALFED vision to
Central Valley. The zone is bounded on the northprovide many additional landscape ecological
by the southern and western boundaries of thebenefits in the region. For example, CALFED
Sacramento-San Joaquin Delta Ecologicalactions could contribute, in part, to a long-term
Management Zone, on the east by the west bankgoal of providing a continuous band of connective
of the San Joaquin River from the Stanislaus Riverhabitats (riparian, wetland, vernal pool, grassland,
to Mendota Pool, on by Creek, upland habitats) joiningthesouth Panoche and other the Sierra
and on the west by the west slope of the Interior(Yosemite National Park) with grassland and
Coast Range. The West San Joaquin Basinvernal pool complexes on the east side of the
Ecological Management can indirectly valley.Zone
contribute to the health of the Bay-Delta by
providing much needed habitat for Califomia red- I~ESCRIPTION OF THE
legged frog, neotropical migrant birds, and
waterfowl. Included in this Ecological MANAGEMENT ZONE
Management Zone is the area between Orestimba
Creek and Los Banos, a region which supports aThe West San Joaquin Valley Ecological
number of federal and state-listed species,.Management Zone has two distinct
including the San Joaquin kit fox and blunt-nosedgeomorphological (landform) areas: the hilly
leopard lizard. About 33% of the remainingwest-side arid watersheds and the valley
wetland acres in the Central Valley are clusteredfloodplain on the eastern side adjacent to the San
between Merced and Los Banos along the SanJoaquin River. The Delta-Mendota Canal of the
Joaquin River. This is the largest contiguous blockCentral Valley Project (CVP) and the California

Aqueduct of the State Water Project (SWP) are
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dominant features of the zone from north to south,The northern and western portions of the zone are
separating the hills from the valley. Allbest characterized as rolling hills of the coastal
watersheds in this zone flow east toward the Sanmountain range. The upper third is still within the
Joaquin River. Restoration efforts associated withinfluence of weather patterns associated with the
the San Joaquin River corridor are addressed inCarquinez Strait. Fog and moisture from the rain
the section on the San Joaquin River. shadow effect separates this area from the

southem two-thirds of the unit, where the climate
is more Mediterranean. While the northern area
receives greater rainfall and moisture, the habitats
found in the north and south are relatively similar.
The dominant type is grassland, managed as cattle
pastures. Savannas (grasslands with few trees) are
common on the hills as the slopes stretch out of
the Valley, while woodlands are prevalent along
the creeks and their watersheds. Patches of
seasonal wetlands can also be found along some
creeks.

Location Map of the West San Joaquin Ecological The Orestimba Creek and Los Banos Creek
Management Zone. drainages are excellent examples of relatively

undisturbed, natural, coast range watersheds.
The zone has a Mediterranean climate. TheWhile the grasses have become predominately
northwestern portion of the zone is adjacent to theannuals (before European influence, these
Delta, where the rain shadow effect artd fog stillgrasslands were dominated by perennial grass
have some influence. Within the rest of the zone,species), they still flourish and lead into wooded
summers are hotter and longer winters are colder,areas at the higher elevations and riparian
and rainfall averages are lower. The southern andwoodlands along the creeks. There are two very
eastern portion of the zone is best described as ansignificant stands of Sycamore Alluvial
agricultural belt with large blocks of seasonallyWoodlands that compose more than one-third of
managed wetlands on both public and privatelyall remaining acreage of this habitat type within
managed lands in the Grasslands Subarea. Whilethe Central Valley. Most of the landscape is
some other habitats exist in the Grasslandsrolling hills of the coastal range, with grasslands
Subarea, they are extremely narrow, fragmented,in the lower elevations and woodlands higher up.
and widely scattered. Habitats that do remainThe geomorphology of these watersheds has
include grasslands, seasonal wetlands, andremained relativelyunchanged.
riparian woodlands. The grasslands have been
reduced to narrow strips within the rights-of-way
along the California Aqueduct and Delta-Mendota
Canal; other grasslands persist in scattered cattle
ranches. Low quality seasonal wetlands can be
found as small clumps of vegetation that persist in
drainages and sumps associated with the Aqueduct
and Canal. In addition, remnant riparian areas can
be found along some drainages and tributaries
associated with the Aqueduct and Canal.

Orestimba Creek showing a sycamore alluvial woodland.
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! Biological resources in this area include the SanIn addition to changes in streamflow, floodplain
Joaquin kit fox, San Joaquin antelope squirrel,processes have been altered by floodplain
kangaroo rats, neotropical migrant birds, development, including levees,flood control
California red-legged frog, foothill yellow-legged gravel mining, and other land uses.
frog, waterfowl, upland game, western pondi turtles, sycamore woodlands, pools, Joaquin Ecologicalalluvial vernal The West San Basin
as well as many other native plants and wildlifeManagement Zone has many habitat types
found in the several habitat types. Some uniqueincluding:

I animal and communities are found in someplant
equally unique habitats, such as the vernal pool-̄ AGRICULTURE: the hills and lowlands of the
hog wallow grassland found on the Flying M valley that support crops,
Ranch in Merced County.

¯ WET~a, NDS: the lowlands of the valley that
Important ecological processes essential to are permanently or seasonally watered,

I maintaining and restoring a healthy West San
Joaquin Basin Ecological Management Zone arē COAST/M. SCRUB: a low growing shrubby
floodplain, stream, and watershed processes, cover on the coastal hills,

I including streamflow, overbank flooding (which
is particularly important for maintaining thē C~a~P,a, RrO~t.: dense shrubs found growing
remnant Central California sycamore alluvial above the coastal scrub community,

I woodlands), floodplain inundation, sedimentation
and erosion, and fire. Fire is important for̄ OAK WOODLanD: almost park-like sites
maintaining, or altering grassland and shrubland with trees and shrubs in fairly open stands
health through fuel reduction and plant succession with a rich carpet of grass and other
and reproduction, herbaceous growth,

I Streamflow in this arid zone, despite beinḡ OA~SAVANNA: the transitionalcommunity
intermittent and prone to flash flooding, is an between the woodlands of the hills and the
essential determinant of habitat, as well as species grasslands of the broad valleys, where the
distribution and abundance. Floodplain and stream trees are fewer in number and more widely
channel processes are essential for dissipating the spaced than those of the woodlands,
forces of flood flows and distributing sediments

I carried by them. ¯ GI~a~SSI.,~ID: areas that stand below the
hillside wooded areas, and are green and

Though many of the streams along the west side littered with wildflowers in the spring
of the San Joaquin Valley are naturally followed by the gold of summer as the annual
intermittent, maintaining natural winter and spring and perennial grasses go dormant during the
flows in the streams is important for maintaining dry season,

i floodplain processes, such as meander belts, and
stream channel configurations, as well as riparian̄ Rtt~ARt,~a~ FORES’r: a continuum of plant
and wetland habitats. Streamflows have been communities following the topographic line

i modified by water diversions, subsidence from the stream channel through the low and
(lowering) in groundwater tables, and watershed high terrace deposits of the floodplain;
activities, such as grazing, road building, forest transition to nonriparian is usually abrupt,
management, and agriculture, especially near agriculture;
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¯ SEASONAL WETLANDS: areas within the known to use this habitat type within this
grasslands and along the tributaries andEcological Management Zone.
drainagesthat remain inundated with water
for varying periods after the rains and highSloughs and ponds within and adjacent to
flows have subsided; and wetlands in the San Joaquin Valley are important

habitatfor waterfowl, as well as many plant and
¯ SYCAIVIORE ALLUVIAL WOODLANDS: wildlife species. They include many rare or

sycamore woodlands found along Los Banosdeclining species that have special status, such as
and Orestimba creeks that require high soilbeing listed under the State or federal Endangered
moisture during the initial growth annualSpecies Acts (ESA).
cycle followed by a significant reduction in
the water table during the later part of theMarshes, once the most widespread habitat in the
growing season. San Joaquin Valley floodplain, are now restricted

to remnant patches. There have been extensive
These habitats are used by a wide variety offish,fresh emergent wetland habitat losses to
wildlife, and plants, including many listed speciesagricultural development. Most of the remaining
(i.e., species identified by resource agencies aswetlands lack adjacent upland transition habitat
threatened or endangered). Coastal scrub andand other attributes of fully functioning wetlands
chaparral provide habitat for a variety of wildlife, because of agricultural practices. Emergent
Numerous rodents inhabit chaparral; deer andwetland habitat provides important habitat for
other herbivores often make extensive use of thismany species of plants, waterfowl, and wildlife. In
habitat type, which provides critical summer rangeaddition, wetlands contribute important plant
foraging areas, escape cover, and fawning habitat,detritus and nutrient recycling, to the aquatic
Many birds, such as quail, fulfill a variety of theirfoodweb of the San Joaquin River and Bay-Delta
habitat needs in the chaparral, such as foragingestuary, as well as important habitat to some
needs (seeds, fruits, insects), protection fromspecies offish and aquatic invertebrates.
predators and climate, as well as singing, roosting,
and nestingsites. Seasonal wetlands include portions of the

floodplain that seasonally flood, usually in winter
The oak woodland and savanna habitats are homeand spring, especially in high flow years. Most of
to as many as 29 species of amphibiansthis habitat is located in the valley floor adjacent
(salamanders) and reptiles, 79 bird species, andto the San Joaquin River and nearby perennial
22 mammal species. Seasonal wetlands providewetlands. Such habitats were once very abundant
habitat for many species, such as waterfowl, pondduring the winter rainy season or after seasonal
turtles, salamanders, as well as endemic (adaptedflooding. With reclamation (draining wetlands for
to a particular locality) plants. Grassland habitat,other uses), flooding occurs primarily from
as well as some of the special habitat features,~iccumulation of rainwater behind levees, directed
such as cliffs, caves, and ponds found withinoverflow offloodwatersto bypasses, or flooding
grasslands, are used by many species, includingleveed lands (e.g., managed wetlands). Seasonal
tiger salamanders. Some of the more aridwetlands are important habitat to many species of
grassland species are listed as threatened orfish, waterfowl, shorebirds, and other wildlife.
endangered. The riparian habitats provide food;
water; migration and dispersal corridors; andUpland habitats are found on the outer edges of
escape, nesting, and thermal cover for wildlife. Asvalley wetlands and consist primarily of
many as 147 bird species, nesters, or wintergrasslands and remnant oak woodland and oak
visitants, as well as 55 species of mammals, aresavanna. Of these, perennial grasslands are an

important transition habitat for many wildlife
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species. They act as buffers to protect wetland andfields support abundant rodent populations. The
riparian habitats. Much of the grassland habitatSwainson’s hawk, a raptor species listed by theI associated with wetland and riparian habitat hasState as threatened, breeds and occasionally
been lost to agriculture (e.g., pasture, grain,winters in the Central Valley.
vineyards, and orchards) and development (e.g.,I home construction, golf courses). GrasslandsStressors to ecological processes, habitats, and
provide habitat for many plant and animal species,species within this zone include land uses, such as

urban and industrial development; waterI both forest and shrub, is found land reclamation; waterRiparianhabitat, diversions; conveyance
on the water and land side of levees and alongstructures; livestock grazing; exotic (non-native)
stream channels of the zone. This habitat ranges inspecies; gravel mining; contaminants; wildfire,I value from disturbed (i.e., low value) to levees; bank protection; stream channelization;sparse,
relatively undisturbed (i.e., dense, diverse, highirrigation canals; and agricultural practices. These
value). The highest value riparian habitat has astressors have contributed to a change in native

I dense and diverse structure with abundant plant communities, fragmentation of ripariancanopy
leaf and invertebrate biomass. The canopy andhabitats, and interrupted migration corridors for
large woody debris in adjacent aquatic habitatspecies, such as the State and federally listed San

I provide shaded riverine aquatic (SRA) habitat onJoaquin kit fox. Streamflows patterns and natural
which many important fish and wildlife speciesstream meandering have been altered by many of
depend during some portion of their life cycles,these stressors.

I The lower value riparian habitat is frequently
mowed, disced, or sprayed with herbicides,There are increased amounts and concentrations
resulting in a sparse habitat structure with lowof contaminants in the San Joaquin River.

I diversity. Riparian habitat along intermittentAgricultural drainage and associated contaminants
streams is lost to excessive erosion and livestockthat originate in the West San Joaquin Basin
grazing. Riparian habitat is used by more wildlifeEcological Management Zone, or are transported

I than any other habitat type. From about 1850 toto this Ecological Management Zone from
the turn of the century, most of the riparian forestsagricultural lands to the south in the Westlands
in the Central Valley were decimated for fuelwood Subarea, are a significant source of contaminants

i as a result of the gold rush, river navigation, andreaching the Bay-Delta.
agricultural clearing. Remnant patches are found
on levees, along stream channels, and along theOther stressors include dams, reservoirs, and other

I margins of marshes. Riparian habitats and theirstructures. They have further contributed to
adjacent SRA habitat benefit fish and wildlifehabitat fragmentation and are barriers to wildlife
species, movement and dispersal.

I Agricultural habitats also support populations ofWater diversions from streams and adjacent
small animals, such as rodents, reptiles, andmarshes divert streamflow that is important to
amphibians, and provide opportunities forhabitat and species of the zone. Diverted water is
foraging raptors (soaring birds of prey),used primarilylocally.
Nonflooded fields and pastures are also habitat for

I pheasants, quail, and doves. The marshes alongToxins continue to enter the streams and adjacent
the Valley floor support a variety of wintering and marshes in large amounts from municipal,
breeding raptors. Preferred habitat consists of tallindustrial, and agricultural discharges. The toxins

i trees for nesting and perching near openhave had a demonstrated effect on the health,
agricultural fields, which support small rodentssurvival, and reproduction of waterfowl, fish, and
and insects for prey. Both pasture land and alfalfawildlife.
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The riparian zones of west San Joaquin Valleywater quantity and quality from the basin to
streams are typical habitat of the California red-wetlands and the San Joaquin River. The vision
legged frog. Loss of riparian and adjacent uplandalso includes a range of sustainable aquatic,
habitats have led to declining frog populations inwetland, riparian, and upland habitats that support
this zone and elsewhere in the Central Valley.abundant natural production of resident fish and
Non-native predatory fish, such as largemouthwildlife, as well as waterfowl and other migrant
bass in Central Valley ponds have also contributedbirds that use the Pacific Flyway each winter. The
to the decline of the frog. vision includes enlarging remaining native

habitats and connecting those areas.
Neotropical migratory birds depend on the
riparian corridors of the creeks and wetlands ofThe vision focuses on improving watershed,
the San Joaquin Valley. Conversions of vegetativestream channel, and floodplain processes. The
cover by agricultural practices and loss of riparianresult would be increased seasonal flows of
habitats, along with competition and predation byquality water to the San Joaquin River and area
non-native species, have reduced populations ofwetlands and reduced input of agricultural waste
these migrants, runoff and associated contaminants into zone

watersheds and wetlands and the San Joaquin
The San Joaquin Valley, with its wetlandRiver. Improved quality and quantity of water for
complexes, is an important waterfowl area. Largepublicly and privately managed wetlands will
numbers of ducks, geese, and swans winter in thereduce stresses on waterfowl populations.
Valley, depending on the high-quality foragingImproved water quality and quantity in the San
habitat of the wetlands and adjacent riparian,Joaquin River will directly benefit fish and
upland, and agricultural habitats to replenish theirwildlife of the San Joaquin River and the Bay°
energy reserves. Delta.

LIST OF SPECIES TO BENEFIT FROM The ERPP will focus on habitat restoration and
RESTORATION ACTIONS IN THE water quality improvements in the southern and

WEST SAN JOAQUIN BASIN eastern portions of this zone. A particular focus is

ECOLOGICAL M/~d~iAGEMENT ZONE agricultural drainage that contains extremely high
selenium concentrations. Selenium is present in

¯ native resident fishes such high concentrations in some areas that there

¯ neotropical migrant birds are potential human and wildlife health problems.

¯ California red-legged frogs and other nativeSeasonal wetlands for migratory species, such as

anuran amphibians, waterfowl and shore birds, should be expanded
¯ native resident fishes, and improved. Present restoration efforts can be

¯ upland game, expanded by providing adequate high quality

¯ plant community groups, and water to the seasonal wetlands. Water supplies can

¯ waterfowl, be improved by reducing or eliminating diversions
in streams and sloughs that flow into agricultural
lands. Restoring natural watershed, stream, and

VISION FOR THE floodplain processes on west side tributaries to the
ECOLOGICAL san Joaquin River, including Mud and Salt

MANAG EM ENT ZONE Sloughs, Orestimbe Creek, and Los Banes Creek,
will promote natural habitat restoration. Emphasis
should also be placed on connecting habitats and

The vision for the West San Joaquin Basinproviding unbroken habitat corridors necessary for
Ecological Management Zone includes improved

~ ~
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I species such as the San Joaquin kit fox, kangaroo         VISIONS FOR ECOLOGICAL

I rats, waterfowl, and neotropical birds.
PROCESSES

Throughout much of the northern portion of the
CENTRAL VALLEY STREAMFLOW-" Where

zone are numerous intermittent creeks and
I streams. Restored, they would provide higher

possible, natural streamflows will be protected,

quality water and improved habitats. Excludingenhanced, and restored to support riparian habitat

cattle along the streams and creeks, removingand important species.

I gravel mining, and reducing diversions would
NATURAL FLOODPLAIN AND FLOODimprove stream channels and riparian corridors.PROCESSES: Where possible, natural floodplain

Reforestation of sycamores has not been possible,processes will be preserved by allowing winter-I because cattle range through the creek bottomsspring flows to overflow into riparian and wetland
and landownersarecontinuouslymovingtherockhabitats. Natural stream meanders will be
beds around to pool water for the cattle during theencouraged by removing, where possible,I summer months, when surface flows are minimal,constraints on meander belts, such-as levees and

bank protection. Natural floodplain overflow will
The narrow strips of grasslands along thehelp to collect floodwaters and sediment and
California Aqueduct and Delta-Mendota Canal are dissipate the erosive forces of flood waters.
managed intensively to suppress wildfires and
erosion. The adjacent tributaries or drainages are

I also managed for vegetation control to increase VISIONS FOR HABITATS
the runoff into the conveyance systems. Practices
should be modified to benefit species such as theRIPARIAN AND RIVERINE AQUATIC

i San Joaquin kit fox, kangaroo rats, California red- HABITATS: Riparian habitat, both forest and

legged frog, and native plants, such as perennialshrub, will be protected and expanded along zone
streams and wetlands. Remnant patches of high-grasses. Alternatives to pesticides should be

I developed, or pesticideseliminated. Thiswouldquality riparian habitat will be protected.

encourage natural recovery of predator speciesDisturbed habitat will be restored, where possible.
like the kit fox, which help keep pest species in       Agricultural and grazing practices will be

I balance, while reducing contaminants entering themodified in riparian zones to encourage riparian

system. Vegetation control practices should alsoand SRA habitat recovery along streams.

be modified to support the recovery of native Improvements in stream flows will also benefit

plants, such as perennial grasses and wetlandriparian zones.

I species in the local watersheds.
NONTIDAL PERENNIAL AQUATIC HABITAT:

Extensive wetland areas in the eastern portions ofExisting sloughs and ponds within and adjacent to

the zone adjacent to the San Joaquin River shouldwetlands in the San Joaquin Valley will be

be protected and expanded. Stream flow into the
protected and new aquatic habitat created.

i wetland-slough complexes should be improved.       EMERGENT WETLAND HABITAT: Remnant
Water quality should also be improved. Natural patches of marshlands will be expanded and
floodplain processes should be enhanced throughconnected, where possible. New wetlands will be
setback levees, stream meanders, and seasonalI flood overflow basins, which should reduce peak

created.

flood flows to the San Joaquin River.
SEASONAL WETLAND HABITAT: Existing

I seasonal flooding areas will be protected and
sources of water maintained or expanded to
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promote higher quality wetlands, especially in VISIONS FOR SPECIES
drier years. Areas where seasonal flooding
develops, seasonal wetlands will be expanded. RESIDENT NATIVE FISH SPECIES: Many

native fish species will benefit from improved
PERENNIAL GRASSLANDS: Upland habitats aquatic habitats and stream channel/floodplain
around the outer edges of wetlands will beprocesses. Population abundance indices should
protected and expanded. Grasslands and remnantremain stable or increase and population sizes
oak woodland and oak savanna will be restored,should be large enough to fully recover from
where possible. natural and human-induced disasters. The

distribution of native resident fishes should
FRESHWATER FISH HABITAT: Freshwater fish increase with widespread habitat restoration.
habitat is an important component needed to
ensure the sustainability of resident native fighNEOTROPICAL MIGRANT BIRDS: Protection,
species. The streams in the West San Joaquinrestoration, and enhancement of large, contiguous
BasinEcologicalManagementZoneare typical areas of riparian and wetland habitats that contain
California roach streams that are small, mid-a great diversity in composition, density, and
elevation stream that typically contain deep poolsmake-up will benefit the recovery of listed
in canyons and are often intermittent in flow byneotropical migrants such as yellow-billed cuckoo
late summer (Moyle and Ellison 1991). as well as aid in the prevention of future listing of

additional bird species.
AGRICULTURAL LANDS: Agricultural practices
that provide valuable wildlife habitat will beCAUFORNIA RED=LEGGED FROG: Protection,
encouraged. Riparian and upland habitats will berestoration, and enhancement of the zone streams
protected and expansion encouraged, and associated riparian and upland habitats will

benefit the recovery of the red-legged frog. Efforts
VISIONS FOR REDUCING OR to manage invasive species such as the bullfrog
ELIMINATING STRESSORS will also be carried out, where necessary, to

benefit the recovery as well.
WATER [~IVERSIONS: Water diversions along
valley streams and adjacent marshes will beWATERFOWL: Protection, restoration, and
reduced, where possible and needed, to protectenhancement of wetland complexes and beneficial
and enhance riparian and wetland habitats. Greateragricultural habitats with adjacent upland habitats
streamflows, especially in drier years, will providewill improve waterfowl use.
for expanded riparian habitat.

PLANT SPECIES AND COMMUNITIES: The

CONTAMINANTS." Reduced input of toxins to vision for plan species and communities is to
valley streams and wetlands will improve health,protect and restore these resources in conjunction
survival, and reproduction of many importantwith efforts to protect and restore wetland and
waterfowl and other wildlife. Reduced toxins alsoriparian and riverine aquatic habitats.
will reduce contaminant effects on fish and
wildlife in the San Joaquin River and the Bay-
Delta. Levels of toxins in the fish tissues should
be reduced.
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INTEGRATION WITH Southern San Joaquin Valley. This program
identifies opportunities to protect and to restore

OTHER RESTORATION the of the natural habitat.connectivity remaining

PROGRAMS The San Joaquin Drainage Implementation
Program is similar.

Much of the vision for the West San Joaquin
Valley can be accomplished through cooperative NONGAME MIGRATORY BIRD
efforts of landowners, agencies, and other HABITAT CONSERVATION PLAN
stakeholders. Watershed conservancy organi-
zations should be established to structure suchThe U.S. Bureau of Land Management
cooperative efforts. Funding and technical supportadministers a habitat conservation plan for
should be provided to these conservancies tonongame migratory birds. Recommendations are
oversee and conduct much of the restoration work.provided; however, no funding is presently

available.
Some lands marginal for agriculture because of
poor drainage can be purchased from willingCENTRAL VALLEY HABITAT JOINT
sellers for conversion to wildlife habitat. Incentive VENTURE
plans should be developed to allow land owners to
maintain their lands and habitats consistent withThe Central Valley Habitat Joint Venture is a
the vision. Agricultural management plans that arecomponent of the North American Waterfowl

to because studies have Plan of the USFWS withmorefriendly wildlife, Management funding
shown that soil productivity can be increased byand cooperative projects of federal, State, and
leaving land out of production for extendedprivate agencies. New sources of funding¯
periods. Such practices, programs, and efforts canincluding CALFED restoration funds are being
restoring blocks of wildlife habitat for relativelysought to implement the joint venture. The joint
long periods of time while enhancing cropventure has adopted an implementation plan that
production and lessening the need for fertilizersincludes the west side of the San Joaquin Valley.
and chemicals. Incentives should be developed toObjectives include protection of wetlands through
encourage landowners maintain at least 10% ofacquisition of in-fee title or conservation
their land as fallow or non-agriculture. Additionaleasements, and enhancement of waterfowl habitat
incentives should be offered to land owners toin wetlands and agricultural lands. The objectives
permanently convert portions of their lands toand targets of the joint venture have been adopted
natural habitats. This would effectively reduce theby the ERPP.
stress of land use practices and the use of
contaminants and improve wildlife habitat. An MANAGEMENT PLAN FOR
additional incentive program might entail AGRICULTURAL SUBSURFACE
livestock exclosures to protect stream banks and DRAINAGE AND RELATED
allow sycamores and opportunity to regenerate. PROBLEMS ON THE WESTSIDE SAN

JOAQUIN VALLEY
Much of the vision can be accomplished through
established restoration programs on federal andThis plan is a framework for reducing impacts of
State lands, as well as on private lands. Thecontamination by agricultural drainage water. The
Southern San Joaquin Valley Ecosystemsplan was prepared by the California Resources
Protection Program was initiated in 1986 toAgency, DWR, Reclamation, USFWS, and USGS.
provide a foundation for planning now to protect
future ecosystems and sensitive species in the
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SAN JOAQUIN RIVER day period in late April to early May
MANAGEMENT PLAN (approximately 5,000 to 10,000 at’) (~). -

State Assembly Bill 3606 authorizes the SanPROGRAMMATIC ACTION 1A: Enter into
Joaquin River Management Plan to identifyagreements with water districts and wetland
factors adversely affecting the San Joaquin Rivermanagers to provide return flows of high quality
and its tributaries. Problems being considered arewater from irrigated agriculture and seasonal
flood protection, water supply, water quality,wetlands to the San Joaquin River.
recreation, and fish and wildlife. Emphasis is on a
plan to restore and manage riparian corridors,PROGRAMMATIC ACTION 1B: Enter into
floodways, non-native vegetation removal,agreements with landowners and water districts to
wetland restoration, and basin water quality. Thelimit diversions of natural flows from streams to
plan was developed by DWR and is administeredimprove streamflows.
by the San Joaquin River Parkwayand .
Conservation Trust. PROGRAMMATIC ACTION I C: Make seasonal

releases from the California Aqueduct or Delta-

LI N KAGE TO OTH ER
Mendota Canal into streams and wetlands.

ECOLOGICAL PROGRAMMATIC ACTION 1 D: Limit capture 1

MANAGEMENT ZONES of natural stream flows from westside tributaries
into irrigation canals and ditches and State and 1
federal aqueducts.Many of the habitats, processes, and stressors

found within this Ecological Management Zone
i~ATIOIVALE: Natural streamflow patterns are 1are similar to those found in the Fresnoimportant in maintaining geomorphology ofSlough/Mendota Basin Subregion, and East San

Joaquin Ecological Management Zone. Efforts
watersheds, as well as riparian and floodplain
vegetation along stream banks. Streamflow is also 1within one Ecological Management Zone should
essential for the well being of valley wetlands andbe similar to those in adjacent zones providingcontributes to the flow of the San Joaquin River

connectivity where needed and cumulative
benefits to the system, and to Delta inflow.

I
NATURAL FLOODPLAIN AND

RESTORATION TARGETS FLOOD PROCESSES
AND PROGRAMMATIC I

ACTIONS TARGET 1: Restore 10 to 25 miles of stream
channel, stream meander belts, and floodplain 1
processes along westside tributaries of the San ¯

ECOLOGICAL PROCESSES Joaquin River (,l~).
1

CENTRAL VALLL~ STREAMFLOWS PROGRAMMATIC ACTION 1A: Enter into 1
agreements with willing landowners and irrigation

TARGET 1 : Provide flows of suitable qualitydistricts to set back levees’and allow floodplain I
water that more closely emulate (imitate) naturalprocesses such as stream meander belts. I
annual and seasonal streamflow patterns in West
San Joaquin tributary watersheds. Provide a totalPROGRAMMATIC ACTION 1 B: Expand 1
watershed flow of 250 to 500 cfs to the San existing floodplain overflow basins by obtaining I
Joaquin River in dry and normal years for a 10-
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I easements of titles from willing sellers of PERENNIAL GRASSLAND HABITAT
floodplain lands.

TARGET 1 : Evaluate the feasibility of preserving
PROGRAMMATIC ACTION le: Reduce or and restoring perennial grassland habitats.
eliminate gravel mining and stream bed alteringi ACTION 1A: Develop afrom activestreamchannels.

cooperative program to restore perennial
FIA rlON, ad.E: Restoring natural stream channel grasslands by acquiring conservation easements or

I andfloodplainprocesses will help restore natural land from sellers.purchasing willing
habitat and vegetation.

F~A TIOlV~iLE: Restoring wetland, riparian, andI adjacent upland habitats in association withHABITATS
aquatic habitats is an essential element of the

NONTIDAL PERENNIAL AQUATIC restoration strategy for this Ecological

I Management Zone. Eliminating fragmentation andHABITAT
restoring connectivity will enhance habitat

TARGt=T 1 : Evaluate the feasibility of restoring conditions for special-status species.

1,000 acres of perennial aquatic habitat within and
adjacent to existing wetlands (,~). SEASONAL WETLAND HABITAT

I TARGET 1 : Evaluate the feasibility of creating orPROGRAMMATIC ACTION Manage
existing wetlands so that they maintain 40 percent improving seasonal wetland habitats.

open water and 60 percent vegetation.I PROGRAMMATIC ACTION 1A-" Acquire lands
R~tTlOtt6a~E: Aquatic habitats provide valuable adjacent to existing seasonal wetlands from

foraging and resting habitats for waterfowl, willing sellers or conservation easements.

I
FRESH EMERGENT WETLAND TARGET 2: Provide 150,000 af of water to

existing wetlands to improve waterfowl habitatHABITAT
I

TARGET 1 : Evaluate the feasibility of restoring
PROGP,~mnM~TtC ACTION 2A: Provide wateror creating fresh emergent wetland habitat (~).

I to wetlands on a seasonal basis from the
California Aqueduct, Delta-Mendota Canal, orPROGRAMMATIC ACTION 1A: Develop a
other source.cooperative program to acquire, in-fee title or

i through a conservation easement, the land needed
Improvedseasonalwetlandhabitatfor tidal restoration, and complete the needed

steps to restore the wetlands to tidal action, will provide additional seasonal habitat for

I
F~ATIONALE: Aquatic habitats provide valuable

waterfowl.

foraging and resting habitat for waterfowl and RIPARIAN AND RIVERINE AQUATIC

I habitat for a variety of special status species. HABITATS

T.ad:IGET 1 : Restore 5 miles of riparian habitat

I totaling 500 to 1,000 acres (,~).

I
~ CaLeb
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PROGRANIMATIC ACTION 1A: Restore recovery of kit fox populations in the San doaquin
riparian forest habitat on lands purchased fromValley.
willing sellers or obtained via conservation STRESSORS
easements.

CONTA~IINANTS
RATIONALE: Additional riparian forest habitat
would improve habitat for many special status TARGet 1 : Evaluate the feasibility of reducing
plant and animal species, the application of herbicides, pesticides,

fumigants, and other agents toxic to fish and
FRESHWATER FISH HABITAT wildlife on 20,000 acres of agricultural lands that

have the greatest risk to fish and wildlife
T~GLr~- 1: Maintain and improve existing populations(.).
freshwater fish habitat through the integration of
actions described for ecological processes,PROGFhaJ~II~ha, TIC A~I’ION 1A: Acquire land --i
habitats,andstressorreductionor elimination. from willing sellers in areas with demonstrated

subsurface agricultural drainage problems and
PROGRAMMATIC ACTIONS: No additional elevated levels of selenium and return those lands
programmaticactionsarerecommended. to native alkaline scrub habitat.

RATIONALE: Freshwater fish habitat is PROGRAMMATIC ACTION lta: Enter into
evaluated in terms of its quality and quantity, conservation easements with willing landowners
Actions described for llZest San Joaquin Basin to modify agricultural practices in ways to reduce
Ecological Management Zone ecological loads and concentrations of contaminants.
processes, stressor reduction, and riparian and
riverine aquatic habitat should suffice to maintain PROGRAMMATIC ACTION 1C: Provide
and restore freshwater fish habitats. For example, incentives to landowners to modify agricultural or
maintainingfreshwaterfish habitats is governed other land use practices that conla-ibute to the input
by actions to maintain streamflow, improve coarse of contaminants into waterways.
sediment supplies, maintain stream meander,
maintain or restore connectivity of the rivers in ~T/Ot’VALE; Reducing the inputs of
this ecological management zone and their contaminants intowaterwaysfromthelandswith
floodplains, and in maintaining and restoring the greatest inputs would provide significant
riparian and riverine aquatic habitats, improvement in water quality in streams and

wetlands, as well as in the San Joaquin River and
AGRICULTURAL LANDS Bay-Delta.

TARGET 1: Restore and maintain migration
REFERENCES USED TO

corridors of native plants of more than one mile in
width (e). DEVELOP THE VISION FOR

THE WEST SAN JOAQUIN
PROGRAMMATIC ACTION 1A: Purchase land ECOLOGICAL MANAGEMENT
or conservation easements on which to restore

ZONEwildlife habitat to connect existing grassland or
agricultural wildlife habitat. California Department of Fish and Game. 1997.

The definition and location of Central
R~ rlON,~.~: Corridorsof habitat necessary
between larger habitat areas to ensure potential          California Sycamore Alluvial Woodland.
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Prepared by Natural Heritage Division, Bay-
Delta and Special Water Projects Division.
May 1997. 111 pp + appendices.

Moyle, P.B., and J.P. Ellison. 1991. A
conservation oriented classification system for
the inland waters of California. California
Fish and Game 77(4): 161-180.
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